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An Account of tke Contetance of Light-dbadght 
Steamers from England to tke River Volga, with 
Remabks on the Inland Navigation of Russia. — By 
C. H. MoBEELT, Esq., Member. 

There: are, as yet, few Railways in the Russian Empire. 
Numerous lines are now in course of construction, and when 
completed will greatly facilitate the transport of goods all oyer 
the country. Years must necessarily elapse before any 
material good can accrue from this cause, and even with the 
additional facilities thus afforded the bulity and heavy goods 
will Btill be conveyed by water. 

The common roads of the country are so bad that they are 
only used for the transport of goods where no other com- 
munication exists, as, for instance, in the southern provinces, 
where incredible numbers of ox-carts, extending in file, far as 
the eye can reach, wend their way slowly to the sea-ports, 

In the winter, as long as the snow thoroughly covers the 
^ound, the roads are good, but this does not last very long; 
in Spring and Autumn they are impassable. 

Thus the inland waters are the principal high\cay«of com- 
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marce. Peter the Great, duly appreciating their impoTtanoe, 
obtained the assistance of an English Engineer, and constructed 
the route about to be described. It passes through the lakes 
Ladoga and Onega, up the river Vitegra, by canal to the 
river Kovje, down it to the lake Beloe, down the river 
Tcheksnu to the Volga at Ribinsk. 

By constructing canals and clearing the river-beds of stones 
and rocks, a net-work of communications has been formed 
embracing European Russia; connecting the Black sea with 
the Baltic, by three routes; the White sea with the Baltic 
and Caspian, by two routes ; the Baltic with the Caspian, by 
three routes. 

In Russia all public high-ways are placed under the direc- 
tion of the Minister of Public Works. The country is divided 
into districts (7 it Is believed), the management of each is 
confided to a chief of the district, who has the rank of colonel 
or general. Each district consists of several divisions, ad- 
ministered by Engineers with the rank of captain or colonel, 
having a staff composed mainly of cadets from the Government 
Engineering Schools. These officers constitute the corps of 
Ways and Communications, and partly in consequence of the 
excellence of this organization, partly from the abundance of 
water, the systems of inland navigation are creditably main- 
tained. The working expenses, and the cost of new works are 
defrayed partly from an endownment fund, chiefly by a tax of 
one-fourth per cent, on all goods shipped in Russia. 

During the long severe winter the canals, rivers, and lakes 
are more or less frozen over. The navigation generally 
commences in April, as soon as the Volga is clear of ice, when 
numbers of tug steamers, towing from 500 to 3,500 tons of 
goods in barges from 200 to 400 feet long, leave their winter 
quarters and make their way to Ribinsk, where their freights 
are transhipped into smaller boats, capable of passing thi 
and reaclijjig St. Petersburgh. 
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The water which, in April and May, rises as much as 40 
feet above its normal level, falls so low towards the end of 
June as rarely to allow any but the shallowest draught 
steamers to go to Ribinsk a second time. During the 
remainder of the season the bulk of the traffic goes to Nijnol 
Novgorod, for the great fair. The depth of water on the sand 
banks is generally about 2 feet 9 inches above Nijnoi 
Novgorod, and 3 feet 6 inches below it as far as Kasan ; 
below this town there is seldom less than 6 feet of water, 
except on two shallows where it fails, at times, to 5 feet. 
The range of the tug steamers is from Astrachan to Ribinsk, 
a distance of l,ToO English miles ; whilst the highest station 
for passenger steamers is 300 miles above Ribinsk, at Tver, 
where there is a station on the Moscow and St. Petersburgh 
Railway. 

Last year two fine steamers, built by Messrs. Samuda, and 
engtned by Messrs. Penn, were put together on the Volga, 
for the postal service on the Caspian, between Astrachan and 
Astrabad in Persia, a distance of TOO miles. Thus, in the 
Summer, there will be regular steam communication from 
England, through Russia, to Persia, of which 2,750 miles 
consists of the navigation of the Volga and Caspian, 

The number of steamers at prusent on the Volga is about 
250, comprising an extraordinary variety of construction in 
bulls and engines. Many of tliem have been built entirely at 
the different establishments on the river ; some have wooden 
hulls, but most are iron ; some have been launched on the 
Kama, some in St. Petersburgh. Some Sweedish and Belgian . 
boats have been sent in pieces, andputtogether on the Volga. 
A French Rhone steamer found her way from tlie Black Sea 
after the Crimean war. General RIaltzoff, at his own iron 
works, has constructed 3 steamers, to some extent on the 
American model. The Netherlands Company, of Rotterdam, 
sent the first t<ig steamers to the Volga, 17 years ago, they 
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came in pieces and v 

considered tlie pioneers of tbe fleet of tug boats tliat rapidly 
made their appearance on the successful issue of the enterprise 
being established. 

Many steamers, some of them the oldest now at work, are 
of English build ; with one ejtceplion they were brought out in 
pieces. The Enterprise, built in Dundee, got through by the 
Marienski canal route, but being larger than the locks, these 
had to be lengthened temporarily, by making timber dams 
across their entrances, below the lower gates. This attempt 
has never been repeated, probably on occountof the teriiousness 
and cost. In 1858 a small iron Newcastle tug, built short 
enough to go into the locks was brought through. She 
steamed out from England, and it was only necessary to 
remove her paddle wheels and boxes on approaching the locks, 
The owners were so well satisfied with this experiment that 
they at once determined to order longer steamers, constructed 
in sections which could be easily disconnected, in order to get 
them through the locks. It was apprehended that the vessels 
could not be built strong enough to cross the sea on this 
principle, though it is easy to show that ijjey can be made 
stronger at the connesiona than at any other part. The real 
danger consisted in the length and lightness of construction 
required in such shallow draught steamers, and the only way to 
diminish the risk of crossing the ocean was to choose favourable 
weather, and engage careful and experienced captains. 

Three steamers were ordered, two 185 feet long, and 22 
feet broad, and 8 feet deep, with engines of 70 nominal horse- 
power ; and the third 160 feet long, 26 feet broad, 8 feet deep 
with 140 nominal horse-power engines, Messrs, Samuda 
Brothers were contractors for the vessels, Messrs. Ravenhill, 
Salkeld, and Co. for the machinery. The conveyance of the 
steamers to their destination was intrusted to the author. 
Efficient captains having been secured for the sea voyage, they 
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started from Gravesenil on 13th May, 1859, The two larger 
steamers made a fair run to Cronstadt in about 8 days, tlie 
smaller steamer, wliicii was over-load erf, had to run into port 
twice for shelter, and reached St. Petersburgh in about a 
fortnight. 

Having taken on board the Russian captains and crews, 
retaining however 2 English engineers and 2 firemeu on each 
steamer, we started up the Neva on the 2nd of June. The 
rapids, situated half-way up the river are not dangerous ; ihere 
is always sufficient water, though the channel is crooked and 
Btoney. From Schliisselburg, on the Ladoga lake, a canal 
leads round the southern shore to the river Svir, interseeling 
in its course the rivers VolchofF and Slas, each of which 
brings to it the traffic of the Volga by separate routes, the 
former, that of the Vichnivolotchok, the latter that of the 
Teechveenka. Avoiding this canal we steamed across the 
lake and entered the river Svir. The navigaton here pre- 
sented the first difficulties we had to encounter. Though the 
general depth of the river is consideralile, the bottom is 
studdeil with boulders, which are most numerous in shallow 
places, under a strong current, leaving a narrow and tortuous 
channel. This river is not regularly navigated by steamers, 
and the pilots, whose average run does not exceed 8 miles, 
were only accustomed to manage barges, so that our perfectly 
flat-bottomed keelless craft sorely puzzled them. The most 
dangerous rapid is at a place where the river takes a s-harp 
bend, a radius of some 300 feet, rushing at a rate of 10 miles 
an hour over a bed of boulders, so distributed as to form a 
narrow channel, which at one point crosses the main current 
diagonally. At this point one of the pilots caused the engine 
of his boat to be eased, and the moment he did so the current 
caught the bows of the steamer, and in an instant she was 
drifted against a stone, swung round, and brought to a stand, 
head down-stream, with several holes knocked in her bottom. 
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By the exertions of the eiigiaeers, these were temporamf 
stopped, and the vessel got off in two days. On reaching 
the Onega lake we steamed across it, though the tralfic is 
carried on by the Onega canal, which skirts its southern shore. 
We entered this canal at the east side of the lake, and pro- 
ceeded by it, under steam (though this is contrary to law) a 
distance of 14 miles, to the river Vitegra; continuing up 
this for 7 miles we reached the town of Vitegra, just above 
which the first lock is situated, and here we commenced to 
disconnect the steamers. 

The cabin linings were all so fitted as to be easily removed 
where necessary ; the attachment of the paddle-boxes and 
sponsons to the ship's side was effected by bolts and nuts 
through the angle irons of the outer paddle beams, through 
tlie knees of the angle iron beams, carrying the flooring of the 
sponsons, and through the ends of the timber sponson beams. 
The whole was thus simply brought to the smooth ship's side. 
A deck-house rested on each of the forward sponsons, but 
being built complete in itself it could be lifted off entire. 
The inner faces of the paddle-boxes, which were of iron, were 
permanently secured to the ship's side, and carried the bridge 
board and steering wheel. 

The brackets lor carrying the outer bearings of the paddle 
shafts were of plate iron, likewise secured to their places with 
bolts and nuts. 

The compartments of the vessels were likewise bolted 
together (Plate I), The water-tight separation bulkheads 
were secured to the plating of the vessel by angle iron fram^ 
to which they were rivetted by f rivets, 2 inches pitch, 
outside these | bolts were placed, 4 inches pitch, from 
gunwale to gunwale, to bolt the compartments together. 
This connexion was thus made as strong as the ship's plating 
through the line of rivets. 

The kelsons were jointed by strengthening the separation 
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bulk-heads over them with strong gusset-plates, rivetted to 
angle irons on the bottom plating, and securing them with 
two-inch bolts. 

The gunwale stringers and binding atrakes were jointed 
partiy by | inch bolts through the bulkheads, but chiefly by 
cover plates bolted on outside the joint, from the gunwale to 
the water-line. 

The deck planking was kid in short lengths breaking- 
joint, each piece reaching to the first deck beam, on alternate 
sides of the separation ; it was readily taken up. 

It may here be observed that in these vessels, and indeed 
generally, the strength of the bottom is greatly in excess o; 
the top, as will be seen by reference to the following table: — 


1 




BO'ITOM. 






Midship. 


Foie and Aft 


Keel, 

Garboard strakf. 
CHber bottom plating, 
Centre kedeon, 
BUgekeebon, 
Sirter keelBon. 


Sqnure Inchu 
88 
27 
70 

H 

3i 
119 


7 
22i 
45 


TOP. 


Gunwale ttringera. 
Beam do., 
Sheer strakc. 


8i 

4 

Hi 
24 


81 
4 
9 




The strength of the deck planking has been oraittec 
Iwcause the author thinks that it ought not to be taken lut 
consideration, it, no doubt, gives a considerable amount o 
strength and stiffness when new, but as it soon rots, gets loos 
and unfit for any serious duty, the strength of the ship should b 
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independent of it. It is certainly true that the bottom s 
be made tbick enough to bear running on stones at a moderate 
speed; no vessel can long be exempt from sucb accidents on 
the Volga, yet the disproportion between the top and bottom 
sections is so great that the question suggests itself, if the 
vessel would not have been much stronger if a portion of the 
kelsons had been removed and stringers of equal section • 
applied at top. 

Before disconnecting the compartments it was necessary 
to balance them, so that when set iit liberty they should 
not greatly alter their immersion, or the angle of inclination 
of the keel, or in other words, as the centre of dispUcement 
of each section was not in the same vertical plane with its 
centre of gravity, it was necessary to load the bulkhead ends 
till this took place 

Referring to the accompanying 6gure, let W be the centre 
of gravity of section, D centre of displacement, and w weight 
to be added, let a be the distance of W from D, and b that of 
10 from D, then since the resultant of W and w is to pass 
through D wb = Wo 



rt^ 



The position of the points D and W for the mean draught 
was obtained from the builders, also the weight of the com- 
partment; these were, W= 18^ tons, 15 feet from bulkhead, 
D II feet from it, and tlie additional load was to be placed 
3 feet from it, so 

18^X4 „ , , 
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This is merely a rougb approximatiou, as the position of D 
varies wuh the immersion. 

The several compartments were loaded according to the 
above calcuiaiions, and the points of the bow and stern being 
further eased from the other steamers, or, by shears and tackle, 
they were disconnected, floated and secured to each other by 
means of J inch bolts, thus forming a strange-looking 
boat, and in this condition they were navigated through 
the locks. Wood plugs had been turned to fit the bolt holesi 
and as each bolt was taken out a plug was driven into its 
place from each side, so that little or no lealiage took place. 

Had strong barges, lying very low in the water, been pro- 
curable, it would have been a very easy matter to lift off the 
paddle-boxes. Nothing but very weak ones, however, could 
be got, and the gunwales of these had to be cut down to 
within one foot of the water line, making them so pliable 
tbat one ton placed in them, in any one spot, produced a 
sinking there of several inches. Under these circumstances 
the following plan was adopted : having obtained from the 
makers tiie weight of the several portions of tbc paddle-boxes, 
the author calculated the pressure on three points, A, B, 
and C, selected so that the structure would rest securely 




n supported on them ; the barge was floated alongside the 
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Steamer, under the spunsons. lialance weights were piled on 
the deck of the vessel next to the paddle-box to be removed, 
and on the opposite side of the barge, which was broad enough 
to receive both pad die- boxes. Beams, D D, were then placed 
under the sponsons, and the weight transferred to the barge by 
screw-jacks at A, B, C. The bolts were then removed, and 
the barge floated round to the other paddle-box, which was 
lifted off in a similar manner, the balance weight on board the 
steamer and in the barge being removed, as the weight was 
imposed on the latter. The brackets for the outer shaft- 
bearings, and the paddle-shafts and paddles were also placed 
in the barge. The paddle-boxes and sponsons measured 53 
feet long over all. It occupied 14 days to disconnect the 
steamers. 

The river Vitegra was originally a small, shallow, and in 
some places, a rapid and stoney rivulet, flowing out of the 
Matko, into tlie Onega lake. It has been rendered navig- 
able, by the construction of 38 locks, between the town of 
Vitegra and lake Matko, a distance of 41 English miles. 
The total rise through these locks is 315 feet. The locks 
are all construcled entirely of timber, with iron fastenings. 
Everything is arranged very simply, and the work is rough, 
^nd such as can be executed by the work-people of the 
country. The condition of the locks does credit to the corps 
of Engineers, who have charge of them, considering the 
difficulties they have to contend with. The channel between 
the locks however, and the towing paths are not kept up so 
well. More than half of these locks occur singly — many of 
them are placed in pairs, with three gates for two locks— in 
two instances three locks are joined, and in one instance four 
locks are in connexion with five gates. 

The level of water is maintained and regulated by sluices 
built across the stream at suitable places. The surplus water 
is allowed to run through these sluices, and not over a weir. 
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III the spring, whilst tbe water ia rising from the rapid 
melting of the snow, all the sluices are opened to allow the 
stream, hringiiig uumeroua trunks ot" trees and pieces of 
timber with it, to rush through without injuring the works. 
There are 1 9 sets of sluices on this canal, most of which retain 
the water for I or 2 locks. One set, however, retains the 
water for 4 locks, at a height of 36 feet above the lower 
level, and another set acts for 6 locks, retaining the water 
over 40 feet above the lower level. The sluices themselves 
are only about 6 feet high ; the remainder of the fall is 
divided into severe! steps, over which the water rushes down. 
Some idea of the abundance of the supply of water, may be 
formed from the fact that a second set of 4 locks has been ■ 
built parallel to the last-named 5 locks, to expedite the 
passing of vessels. The dimensions of all the old locks are 
about 107 feet between the gates, the width varies &om 
28 to 30^ feet. But some have already been, and all are to 
be built, about 155 feet between the gates, and 30^ feet 
broad. The depth of water on the sills is from 5 to 6 feet. 
Circumstances greatly favoured the execution of all these 
works. The navigation lasts for about six months, from 
the middle of April to the middle of October, so that 
during the winter half-year, the water may be maintained at 
its lowest level, by opening the sluices, and thus the repairs 
are rendered easy of execution. The soil is also sufficiently 
favourable for such works, being soft throughout. Some of 
the level portions of the stream are very boggy. 

From lake Matko, which is the summit level, the 
^enaki canal (from which this whole route derives its 

me) ia cut through the river Kovje, which has its source in 
lake Kovje, and empties itself into the lake Beloe. 
channel has been formed from lake Kovje to the 
Lenaki canal, by means of which the water of the lake 
ed to maintain the requisite depth in the canals ; for, 
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as this channel joins the canal above the first lock, the water 
flows either way, replenishing the lake Matko, as well as 
the Miirienski canal. There are 10 locks on this canal, 
similar to the former ones, its length is 25 English miles, and 
the fall 60 feet. The river Kovje had to be descended for 
50 miles, where, at a short distance from the mouth of the 
river, the Belosersk canal commences, and skirts the White 
(Beloe) lake, which is shallow and dangerous for barges ; it is 
entered by 1 lock, with a rise of 7 feet. At ao miles from this 
end of the canal and on the White lake stands Belosersk, one of 
the oldest towns in Russia, and supposed to have been one of the 
early capitals. It is now only notorious as the capital of 
all the ruffianly characters employed in hauling barges along 
ibis route. The canal is 42 miles long, add at the further 
end, a descent of 12 to 14 feet, through two locks, brings 
one to the river Tcheksna, which flows from the White lake - 
to the Volga at Ribinsk. 

These are the last locks to be passed, the total number on 
this route is therefore 51. From Vitegra to Belosersk, or 
rather to the river Tcheksna, the steamers were towed at 
fii^t by men, and afterwards by horses. 

No difficulty was experienced with the two end compart- 
ments, which steered perfectly well; but, the middle com- 
partment, being in fact no better than a square box, was 
very troublesome, as it could only be managed by having 
lines from the after as well as from the forward end, and 
assisting with poles. Even then a fresh breeze stopped our 
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s the box became perfectly 



Arrived in the Tcheksna, the end compartments were again 
joined to the middle one. The expediency of doing this was 
doubted very much, as we had to pass over a rapid at a very 
sharp bend, so that it was feared the ends of the steamer would 
touch on the stoneg,and touching would be tantamount to having 
a hole knocked through the bottom in a current of 8 miles an hour. 
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An examination of this rapid, howecer, satisfied the 
anthor that the square bos would be much more difficult to 
navigate than the whole vessel, because the latter could be 
guided with comparative ease, round the bend with ropes, 
the length of the vessel giving the requisite leverage. 

Having connected the compartments together, but leaving 
the paddle-boxes on the barges, we proceeded to perform the 
only dangerous portion of the voyage. 

The river Tchelvsna is 266 miles long, from the mouth of 
the canal to the Volga. The upper half of the river is full 
of granite boulders, rapids, and shallows. Either of these 
obstacles would give sufficient trouble by itself, but when, 
combined, as is generally the case on this river, the naviga- 
tion becomes somewhat dangerous, and in fact, many bari{;es 
are wrecked. 

The worst places commence at 32 miles and 64 miles from 
the canal, the former consisting of a series of rapids, spread 
over a distance of 12 miles, whereas the latter extends over 4 
mites only. 

The steamers were prepared in the following manner to 
pass down the river. At the bow and at the stern, two 
sweeps, 40 to 50 feet long, were arranged, standing fore and 
aft, one on each side, by rowing with which, either end of 
the steamer was easily moved to the desired side. For 
propelling, we had 10 sweeps, 20 to 25 feet long, placed on 
each side, and each worked by one man. These arrange- 
ments were made by the pilots and their crews, according to 
their own wants. For each steamer 2 pilots and 40 men 
were engaged for the whole distance to kibinsk. 

Arrived at the first rapids, some difficulty occurred with 

• pilots, who are appointed specially to this distance of 12 

as they had never before taken such long vessels over 

Nor were they accustomed to consider it fatal to touch 

e stones, because the timber barges, generally in use here. 
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frequently come against the boulders, and being suffici^ 
thick, but very iiidifFereiitly put together, they simply i 
to the stones, bending as much as 6 inches in a length 
30 feet, without sustaining any greater injury than somewhat 
more leakage than usual. Fortunately there is always 
sufficient water here, though the channel is very narrow. 
Two more pilots and 80 additional men were added to each 
steamer. These men were divided into 4 gangs, each of 
which took one of four lines, one on each side of the steamer 
from the bow and the stern, which gave control over the 
speed of the steamer, as well as sufficient power for turning 
her round a very sharp bend of rather less than a right angle. 
The long sweeps at either end were also used, but not the 
short ones on the sides. And thus, with 4 pilots and 120 
men for each steamer, besides our own crew of 10 men, vre 
passed these rapids in safety. 

The rapids at 64 miles from the canal were passed in a 
similar manner and as successfully. 

In 1859, we passed these rapids towards the end of June, 
when there was 5 feet of water ; but last summer the author, 
in charge of another steamer, arrived two months later, — viz., 
at the end of August, when there was only 2 feet of water, 
whereas the steamer drew 2 feet I inch. But as there was 
no chance of the water rising, the passage had to be 
attempted, relying upon the trustworthiness and efficiency 
of the pilots, which cannot be too highly praised. The 
steamer was carefully guided from one boulder to the other, 
for the pilots know their position very accurately, and lifted 
over them with a derrick and tackle, and the passage was 
thus again successfully performed. 

The remainder of the voyage calls for no further notice, 
we reached Ribinsk in 6^ weeks, from St. Petersburgh, the 
distance being about 744 English miles. 

In Ribinsk, the paddle-boxes and wheels were again 
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attached, and all the cabin work restored, wliich operation 
occupied about a fortnight. The ateamers being then in aa 
good a condition as when we started from London, we 
proceeded down the Volga to our destination. 
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THE PRINCIPAL CANAL AND WATER COMMUNICATIONa 

OF RUSSIA. 

I. — Between the Black sea and the Baltic there are three 
routes, viz, : — 

1. The Royal route ( Koralefski). — From the Black sea 
by the Dnieper, Pripel, Pina, Royal Canal, MookaveU 
Western Baoch, Nnrva, Bal/er, Neta, Augustin Canal, 
Chornagansha, and Niemeti to the Baltic. 

2. The Ogiva route, — From the Black sea by the 
Dnieper, Pripet, Yazogod, Ogina Canal, and Niemen to the 
Baltic. 

3. The Beresina route From the Black sea by the 

Dnieper, Beresina, Bereshta, Beresina Canal, lake Lepel, 
Oola, and Western Dwina to the Baltic. 

II.^Between the Baltic and Caspian teas there are three 
routes, viz.; — 

,1. The VisnNiTOLOCnoCK route. — By the Volga, 
rrtza, Oona, Vishnivolochock canal, Msta, Novgorod canal, 
hof, Ladoga canal, and Neva to the Baltic. 

■ Maria route By the Volga, Tcheksna, Behsersk 

VlU Kovje, Maria canal, Vitegra, Onega canal, Svir, Svir 
lal (crossing the Sios), Stas canal [crossing the Volkhof), 
iffa canal, and Neva to the Baltic, 
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3. Teechvinka route. — By the Volga, Mologa, Chago- 
daxtcha, Govina, lake and river VolkMna, Teechvinka canal, 
lake Eglin, Teechvinka, Sias, Sias canal (crossing the Volkhof)» 
Ladoga canal, and Neim to the Baltic. 

III. — Between the Jfliite, Baltic, and Caspian seas there 
are two routes, viz. : — 

1. Duke Ales.\.ndre op Wirtemberg's route.— By 
the Northern Dwina, Soohhona, Koobenski lake, Pavatzovitza, 
Blagovestchcnski lake, Duke A. of IVir/emlierff's canal, Sheksna, 
and by the Maria route to the Baltic, or by the Folga to 
the Caspian. 

2. Catherine's route. — By the Northern Dwina, 
Vilchegda, Northern Keltma, Catherines canal, Sonthem 
Keltma, Kama, Volga, and by the Maria route, to the 
Baltic, or by the Volga to the Caspian. 



COMMUNICATION WITH SIBERIA AND K_AMTCHATKA. 



From European Russia all goods are conveyed to the Vo 
from whence they are conveyed up the Kama, up the Bet 
and Tchasavaga to t!ie Ural mountains. From the Tchasavagt 
along the ridge of the Ural mountains, to the river Tagil, 
down this river, and the rivers Toona, Tobel, and Irtish, 
up the Obi and the Ket to the Makovski island, whence 
90 vprsts over land to Emst-isk, whence down the rioer 
Enisi-isk, up the upper Toongooska to the Baikal lake, up the 
Selinga to the fortress Troitzka Tsarsko, whence again 
overland to Kiachta. Goods for Kamtchatha leave the Baikal 
lake by land for the Lena, down the Lena, tip the Aldan, the 
Maya, the Yoodoma to the Yoodoma Cross, whence overland 
to the Ocliota, and down the Ochota to Ochotsk, whence by 
sea to Kamtchafka. 



I 



[Januarys, 18(12.] 

M. B. MULLINS, Esq.. Vico-Preeident, ia tho Chair. 

Description of the Madras Railwat — By T. H. Going, 
Esq., Foreign Life Member. 

In offering; a paper on the Madras Railway, my design is not 
to produce either a scientific or statistical essay, but to ^ve 
such a general description of its leading features, physical and 
constructive, as an ucquaiiitiince of more than four years, 
enables me to offer; trusting that, at least, the novelty of the 
subject may invest it with some interest to those who have 
had no personal experience of Indian engineering. 

Madras was the latest of the three Indian Presidencies in 
entering upon the construction of railways; the first having 
been inaugurated in the summer of 1863. This is now known 
as the south-west line, and was originally commenced 
without any well defined idea as to its ultimate direction, 
beyond a general one, that an easterly course was undesirable, 
owing to the presence of an ocean on that quarter — a direct 
northern one not offering many inducements, either as regards 
the richness of country or its physical adaptability. Why a 
southern start was not given to this Grst essay is not so easily 
eJcplained, since in that direction lies a country of extreme 
fertility, thickly populated, and with everything to recom- 
mend it from an engineering point of view. There were, no 
doubt, reasons for this as potent as those which swayed the 
judgment of the Government advisers, who, when they had 
selected the south-west route, were careful that such large 
towns as were linkable in the regular course of a railway 
should be scrupulously avoided. Probiibly fearing, like the 
Sybarites of yore, lest the shrill notes of the steam-cock 
should disturb the peaceful slumbers of the inhabitants. 
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Thus treading its unsocial course along, the south-i 
line at length reaches a point on the western coast known as 
Beypoor, where the terminal works are erected. Not that 
Beypoor can boast a harbour superior to any other ilver- 
mouth along the coast — for they all, more or less, share alike 
the natural effects of sand-bearing currents, which, checked 
by the action of the south-west monsoon, create a bar across 
their entrances. There is not a harbour along the west coast, 
from Cape Comorin to Bombay, which can afford security to 
vessels of any considerable tonnage, except, perhaps, Seedas- 
haghur, where a barrier of coast islands might be so connected, 
by artificial means, as to constitute a good harbour, sheltered 
from the effects of this reflux of sand. Beypoor is, in fact, an 
open roadstead, and was probably selected for the terminus 
by the influence of the iron company, whom the existence of 
extensive beds of rich hematite in this locality called into 
being some years back, and whose works, now in a semi- 
ruinous condition, stand as a costly proof that, in the absence of 
a local supply of fuel, the manufacture of iron is not a profitable 
speculation. Yet, should the screw-pile pier, at present in 
course of erection at Madras, prove a success, no doubt its 
adoption at Beypoor would follow ; and it is impossible to 
over-estimate the advantages, both social and political, which 
would result from the connexion by rail, of two efficient 
harbours, one on the west, the other on the east coast of the 
peninsula. 

For many miles after leaving Madras the line traverses s 
flat country of no great geological interest. Everywhere 
beneath the soil the great underlying stratum is decomposed 
granite, which becomes more and more consistent in propor- 
tion to the depth, — as may be readily observed in the deep 
wells, for irrigation purposes, so frequent in Indian cultivation, 
— till it finally merges into solid rock, yielding only to the 
quarryman'e art. These sections would lead one at once to 



conclude, from the texture of the material and veina of 
chloride, quartz, &c., which they display, that this decom- 
posed stratum is the result of deeay gradually advancing 
downwards with the lapse of time, and do not anywhere 
indicate the cliaracter of drift. 

When undulations of the surface of the ground necessitate 
railway cuttings it is generally found that the nucleus of the 
cutting is the ridge of a greenstone dyke, of which the upper 
portion is more or less decomposed. It may be supposed that 
in a country of this character, clays, valuable for pottery uses, 
will be encountered, as, indeed, is the case ; and the railway 
cutting have laid bare some fine deposits of cayolin and other 
clays, which are turned to useful account in the School of Arts 
at Madras. 

Further west, near the Poioey river, gneiss rocks begin to 
show, diversified by numerous trap-dykea and granite veins of 
all sizes. This character continues till within a few miles of 
Salem, where the line cuts a bit of ground intersected by 
reins of carbonate of magnesia, the so-called " Chalk hilts." 
Near Sunkerry Droog, and, again, near Coimbatore, it crosses 
some not very extensive bands of metamorphic limestone. 
Someof the officers of Doctor Oldham's staff are now* engaged 
upon the geology of this part of the country; and, up to the 
present time, they have not met with either the carboniferous 
limestone or dolomite, nor has a single fossil been ever found 
in this region. It has not, however, been properly examined 
as yet. Further south, in the Trichinopoly district, they 
have made a splendid collection of fossils, from the carboniferous 
limestone, which now adorn the Geological Museum of 
Calcutta. 

The great geological feature along the eastern part of the 
Ua$ is the magnetic iron hill near Salem, close to the 
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southern slope of which the line runs for about six miles. 
The ore from this hill supplies the Porto Novo Iron 
Company. 

The next remarkable feature in the geology of the railway, 
as we proceed westward, occurs after crossing the Cauvery 
river, and approaching the foot of the great triunguliir spur of 
the western Ghauts, known as the Neilgherry hills, round the 
Bouthern skirt of which [he line curves towards the west 



These bills are a solid mass of gneiss, cut up with dykes in 
all directions; and the railway through that district has the 
same tough substance to encounter in many of its cuttings. 

There is a peculiar deposit known as laterite, which occurs 
indiscriminately in all parts of southern India, and is probably 
not referable to any special geological period, but which 
reaches its greatest development on the western coast, where 
it may be seen composing the entire mass of hills, some hun- 
dreds of feet in height. It may be described as a gritty, porous 
clay, indurated by ferruginous infusion. It is massive and 
easily worked, though at the surface very hard for some 
inches in depth. It is used for building purposes in the place 
of bricks (as the derivation from Later might suggest), being 
cut out in blocks, which are further shaped by means of a 
hatchet. Of course, in a climate subject to frosts, the use of 
such a material in building would be out of the question ; and 
even in India I do not think it can be considered as a material 
of sufficient durability for railway building, except it be for 
stations and small drains. It is also used as ballast. 

From the foregoing remarks it is evident that there is no 
lack of good material for railway construction across the 
southern peninsula. Even throughout the plains of the 
Carnatic there ar« few localities in which a granite quarry, 
within tolerably accassible distance, may not be looked for. 
I am acquainted with instances where the mere stripping of 
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the soil for a few iachea of depth reveals the surface of a 
granite plane many acres in extent. I am not aware whether 
it may be considered as one of the characteriBtics of granite, 
that near its surface it is disposed in successive layers, 
analogous to the coats of an onion, or whether, when such a 
character is observed, it should not be rather attributed to the 
effects of aqueous deposit than the action of cooling'. It is 
certain that the so-called granite of Madras Presidency may 
be thus raised in successive layers of varying thicknesses, and 
hence I am doubtful whether it should not be regarded as 
gneiss. 

Should, however, the more solid building material fail, 
there is always available on the plains an abundant supply of 
clay to make the brick — well-beloved of Indian Engineers of 
the Public Works Department— well-beloved, too, of the mild 
.Hindoo mason, whose scantily developed muscle somewhat 
shrinks from the rough practice in stone, so hard, so heavy, so 
incapable of a aly-face finish, to smooth over any inherent 
defects. Famous bricks, too, have been made in India since 
railways have introduced English Civil Engineers. For 
Government works, the bricks are usually but half burnt; and, 
to smother up bad work, it is the custom to finish off with a 
handsome coat of plaster. It is not to be wondered at if 
bridges thus constructed resolve themselves into their original 
elements — it may be the first or it may be the second monsoon 
of their existence. Indeed, the first essay in all Government 
bridges would seem, as a general rule, to be merely regarded 
as an experiment. Bridge No. 2, constructed on the ruins of 
the former, will probably be better adapted to the retjuire- 
ments of the locality, and, perhnps, more carefully built, 
should it be within easy access of the Engineer of the district ; 
but since bis professional supervision may extend over an 
area of country as large as the Principality of Wales, it is 
more likely that a native maistry will have the management 
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of the re-erection, and that he -will put up a second bridge the 
counterpart of No. 1. This is no exaggerated picture of the 
manner in whicli the public money is squandered in Indian 
Government works. 

The mode of quarrying granite in the Madras Presidency is 
peculiar, and a description of it may be interesting to those 
unacquainted with the process. 

There is in India a caste of people known as wuddets, 
whom I may, in general terms, describe as the iiavviea of 
India. They are of two classes — those who work in stone, and 
those skilled in the manipulation of earth. 

The stone wudder is a hardy, sinewy fellow, whose stock in 
trade consists of a house, which, when on his travelst he 
transports on the back of his donkey, or else on the head of 
bis wife (no remarkable instance of tyranny, since it consists 
of nothing but a mat and a few bamboo stays); then be has a 
heavy crowbar, a few iron wedges, some earthen pots, a dog, 
and a small stock of rice. He is, in fact, a being a good deal 
resembling the Irish tinker of times not so ancient but that 
we can recall the picture. Arrived at his quarry, his first care 
is to lay in a stock of firewood, which he cuts in the jungle, 
and removes by means of a peculiar bandy or cart with low 
wheels of solid limber, drawn by a pair of buffaloes, an 
important part of his equipment, which 1 omitted to include 
before in the list. 

The wood is piled in small quantities on the surface of the 
rock, and ignited, usually during the night, their favourite 
time for work. After the fire has been steadily kept up for 
some hours, the upper layer of the rock espands sufficiently to 
produce a separation from the substratum. The separation is 
accompanied by a dull bursting sound ; and the e.ttent of the 
severance is ascertained by a series of taps with the crowbar, 
the response of which is conclusive to a practised ear. The 
next operation is to break up this loosened bed of rock into 
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effected by means of a round boulder of greenstone, as large 
as can be lifted to his head with the assistance of another man. 
This he dashes down with all his might on the rock, and 
sometimes succeeds in making a fracture with a single throw ; 
but it often requires to be repeated many tiraes ; and it is 
wonderful, considering the clumsiness of the method, with 
what success he turns out handsome square blacks of stone, of 
dimensions well suited for building. This, however, is more 
to be attributed to the natural tendency of the stone to square 
fracture than to the skill of the wudder. 

The earthwork of Indian railways ia performed by a 
different process from that usual in England, where the 
quantities in cuttings and embankments are commonly so 
proportioned that the material taken out of the former may be 
sufficient to construct the latter. In India, however, the 
value of human labour is low, — a man's wages on the Madras 
Railway being equal to 3d. per day, and a woman's to i^d. — 
the value of land is also small; and for these two reasons the 
system adopted is, to spoil the cuttings and make the embank- 
ments from side ditches. The use of wheelbarrows, too, is 
ignored, their representative being a flat withe basket, holding 
about two cubic feet. These are filled by means of an imple* 
ment called a mommoty, which may be described as a large 
hoe, with a short handle, and, being lifted on to the heads of 
the women, are by them carried to the bank. It is surprising 
how fast this process raises a pile of earth. The worst of it is, 
that a bank made in so loose a manner is liable to settle for a 
long time. It has been often attempted to introduce the 
wheelbarrow mode of work, but with little success. The 
basket of antiquity — probably antediluvian — still holds its own. 
I have heard of an instance of an enthusiast in wheelbarrows 
who, having exhausted his morning energy in the fond 
endeavour to reclaim a gang of coolies from the use of the 
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objectionable basket, had the mortification, on muking liis 
evenint; tour of inspection, to find them carrying the wheel- 
barrows on their heads, in the belief that it was only a con- 
venient modiiication of the principle. 

The greater part of the earthwork in Madras Presidency, 
on the railway, in tank^, &c., ia done by people of tite same 
caste as the stone wudders whom I have described ; and these 
people always perform their work by contract. 

In speaking of the materials for construction, a few remarks 
respecting lime will be proper. I have alluded to the slight 
development of limestone in the Salem district; but for burning 
purposes the concretionary carbonate of lime, common through 
Madras, is most used. In this form it occurs in beds of 
varying thickness, as well as disseminated through the soil 
and over the surface of the ground. The nodules are of 
various sizes, from that of a pumpkin down to the bulk of a 
pea. A very common variety is shaped like the ginger root, 
and this I have always found to possess slightly hydraulic 
properties. In the neighbourhood of Madras, as well as on 
the west coast, almost the only kind of lime used is procured 
from the burning of shells found in beds a little below tlie 
surface, in tow lands near the sea coast. The lime made from 
these shells being very fine and white, is admirably suited for 
plaster, and is susceptible of a high polish, which is adminis- 
tered during the period of its setting, by means of a smooth 
stone or crystal, rubbed assiduously over the surface so long 
as any dampness remains, a little of the powder of soap-stone 
being sprinkled on to assist the polish. Most of the public 
buildings, as well as private dwellings, in Madras, are finished 
in this way; and when the work is new it gives the effect of 
white marble. The action of the atmosphere, however, soon 
tarnishes the exterior of buihlings thus finished, and they look 
shabby enough after three or four seasons; but the interior 
preserves its beautiful purity of appearance. 
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The Teloogoo name f»r lime is chunamboo, hence ihe term 
chunani, by which the various kinds of carbonate of lime 
known in India are designiiled. When calcined, it is still 
called chunam; and even after the combination of the resulting 
oxide with water and sand has converted it into what in 
England we call mortar, the universal name, " chunam," is 
its only designation. In the calcined state chunam is much 
used by the natives as a masticatory, being rubbed on the 
leaf of the betel vine, which is then folded up and chewed, the 
juice being swallowed. 

It may be in place to observe, while speaking of lime, that 
that used for building purposes in Ceylon is all produced from 
the calcination of coral. Indeed, on the coast, the buildings 
are mostly constructed of coral blocks, cemented by mortar of 
lime made from coral. 

The average annual fall of rain in Madras, on the eastern 
side of the peninsula, is about 50 inches ; but as much as 80 
inches have been registered as the fall for 3 several years 
since the commencement of the century. Within a single 
month the rain gauge has indicated a fall of 42 inches; and 
on the 25lh of October, 1857, 12 inches of rain descended 
from the clouds in a steady pour of 12 hours' duration. 

From these data it will be understood that the question of 
drainage is one of some importance in the construction of a 
railway across such a country. 

The rivers, indeed, constitute the principal difficulties to be 
overcome ; all the more so from the fact that being, during 
the greater part of the year, little more than broad shallow 
channels of sand, the great proportion of their duty is con- 
centrated into the short space of a few weeks, during which 
the rains of the north-east monsoon descend. Those of the 
west coast must, however, be excepted from this general d&- 
scription, because the cloud-barrier of the western Ghauts, 
whilst arresting the eastward progress of the south-west mon- 
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Boon, poure back its deluge of waters to the ocean ^ 
washes the shores of Malabar; so that while this vapoury 
region monopolizes all the waters of that monsoon which 
comes laden with the moist breath of the Indian ocean, the 
Coromandel coast must content itself with such watery stores 
as are picked up by the north-east monsoon in his shorter 
flight over the bay of Bengal. A corresponding difference 
of climate accordingly characterizes the country on the two 
sides of the western Ghauts. 

Innocent of water as these sandy channels of the east 
appear, however, when the question arises of laying the foun- 
dations of a bridge, this uncompromising element is found but 
to lie dormant within a few inches of the surface of the sand. 

Various means of siiiking foundations are resorted to by 
Indian Engineers ; a favourite one is that by wells. Thus, 
over the site of the pier or abutment are built a series of cir- 
cular brick wells, about 3 feet interior diameter. They are 
placed side by side, and in sufficient number to cover the area 
of the foundation. Being built to the height of 3 or 4 feet, 
a diver gets into the well and commences excavating the sand 
beneath hie feet, and bands it out in a basket. As be exca- 
vates, the well sinks ; and when it reaches nearly to the surface 
of the water additional courses of brick are built up ; and so 
on, successively, as the well sinks, the diver being obliged to 
fill his basket under water when the process of sinking has 
brought him beyond his depth. Finally, a second diver stands 
on his shoulders to assist his descent. The wells being suffi- 
ciently sunk, the intervals and spaces contained between 
contiguous wells are filled with broken bricks, mixed with 
stiff clay, to within a few feet of the surface, and rammed 
hard. The tops of the wells are then removed to the level 
of this rammed surface ; and, as soon as the water has bean 
reduced by means of baling-baskets, the first courses of the 
foundation are laid with brick cubes, previously got ready by 
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Ciementin^ together in this form a number of ordinary sized 

bricks. 

By means of these cubes the work is rapidly carried above 
the water level ; and from this point, or perhaps a little below 
it, the ordinary brickwork begins. 

When the depth of sand is very great, aiid water difficult 
to overcome, this is a cheap mode of evading the necessity for 
cofferdams and pumps. Of its efficiency, however, as prac- 
tised in Madras Presidency, I have some doubts, as it is not 
usual to sink the wells below 10 feet, and the scour of floods 
in the Indian rivers often reaches beyond this depth. In 
Bengal the same system is adopted, but tUey uauully sink 
their wells till a hard bed is reached. The Engineers of the 
Madras Hallway have not taken kindly to this Indian mode of 
founding ; and it has been only resorted to in a few instances. 
In laying the foundations of the granite bridge over the 
Naggery river, of 13 forty-feet arches, on the north-west line 
of the Madras Railway, the Resident Engineer, Mr. Smart, 
(who, by the way, was a student of the Engineering School of 
Trinity College), adopted the method of curbs. I can describe 
the motfu* pperawii) for the first pier, having been present during 
the sinking process. The curb consisted of a strong teak 
frame, 40 feet by 9 feet, divided by cross scantlings into 5 
compartments of 4 feet square, and equidistant. The thick- 
sesH of the curb from under side of beams to upper surface of 
planking was 2 feet. It was placed accurately above the site 
of the pier on the surface of the sand, and the masonry built 
to a height of 10 feet, making an entire height, including the 
frame, of 12 feet, this being the depth of sand above the solid 
substratum as ascertained by a priclcer. Cross walk partitioned 
the structure into 5 cells, corresponding to the compartments 
of the curb on which it was built, and every course of the 
upper 4 feet had layers of hoop -iron worked into it longitudi- 
nftUy. It was then ready for sinking, a process similar to that 
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described for the wells, a diver being Bet at w 
of each cell to remove the sand and hand it up by lifts to the 
top, where it was discharged. The sinking, too, was found 
to be greatly facilitateil by keeping the sand well cleared 
away round the exterior. Alter being sunk some feet, a crack 
appeared in the masonry, which alarmed the divers, and it was 
with difficulty they could he got to proceed with the work. 
The structure went down in sudden jerks of a few inches at a 
time, and wa'§ finally deposited on its resting place below the 
sand within 10 days from the commencement of the sinking; 
and though a few cracks showed in the masonry, it was of no 
practical consequence. The tot;il cost of the curb, for 
materials and workmanship, wa.s about 130 rupees, and the 
sinking cost 90 rupees; altogether 220 rupees, or say £22. 

The cells were finally packed with stone, which was then 
grouted, and a level platform thus prepared for the super- 
structure. 

Such a mode of getting in foundations would, of course, be 
only practicable where the sand was free from boulders. 

The principal rivers crossed by the south-west line are the 
Cortiliar, the PoJney, the Goriathiim, the Palar, the Cauvery, 
the Thootha, and the Kuddulhoondy. 

It was originally contemplated to cross all these rivers by 
means of arches of masonry. 

A great improvement has, however, been introduced by the 
substitution, in many cases, of wrought iron girders, whereby 
the number of costly and tedious pier foundations is diminished. 

The total length of the south-west line, from Madras to 
Beypoor, is 405 miles, and the summit height attained at 
Mooroor, near the foot of the Shervaroy range, 1,500 feet 
above the level of the sea. At Coimbatore, where it passes 
near the base of the Neilgherry range, a second summit of 
1,301 feet above the sea is attained, and between these. two 
intervenes the deep valley through which the rapid Cauvery 
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VBsIies its way Bouthwards. The elevation oi 

point of crossing abuve the sea level, is only 4t 

gradients are, for the most part, favourable, the i 

being 1 in 60, necessitated in descending from the last named 

BUmmit towitrds the plains of Malabar. 

I have hitherto only spolien of the south-west line of the 
Madras Railway — as being that for the construction of which 
the Company was originally raised, and which is now nearest 
to completion. 

In August, 1858, the Government entered into a furtlicr 
contract for the construction of the north-west line, which 
is designed to strike out from Madras in as direct a course as 
is expedient, towards Bombay, and form a junction with the 
railway from that town, near Moodgul, in the territory known 
as the Raichoor Dijab, lately restored to the Nizam of 
Hydrabad. Two branches, one to Bangalore, the other to 
Ootacaraund, have also been sanctioned; but construction has 
only been commenced on the former, the object of these lines 
ia to give ready access to two such important stations. 
Bangalore being the great military head quarters of Madras 
Presidency, and Ootacamund its sanitorium. 

The railway of greatest imperial moment, however, in 
southern India, is the north-west line. Any one who will 
take up a map of India and trace a pencil line from Madras, 
through Cuddapah, Gooty, Bellary, Sholapoor, and Poonah, 
to Bombay, will immediately recognize a route, which, as 
affording the most direct communication between the seats of 
Goyernment of the two western Presidencies, and passing 
through military stations of great importance, would naturally 
suggest to the rulers of the country the expediency of fitting 
it with a railway, so as to secure those strategical advantages, 
which, however such writers as M. Streubel may decry them, 
as tending to relax the energy and enthusiasm of the soldier, 
yet were proved to be eminently attendant on a railway system 
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during the operations of Lord Clyde in suppressing the mutiny 
of 1867. 

There are many other considerations, too, whieh greatly 
enhance the importance of these trunk lines to India. Pro- 
minent amongst these might be mentioned the great reduction 
of troops which would be rendered possible under the improved 
means of transportation ; the exemption for European soldiers 
from those long, fatiguing marches, which, under an Indian 
sun, are so disastrous in their effects; the reduction of the 
enormous camp equipage ; the carriage of troops at an 
extremely low fare; and of the mail without charge, as 
provided for under the system of Government guarantee; 
besides many other desiderata in the economy of governing. 
But these questions are not within the scope of my subject. 
It mnst, however, be a matter of surprise to those who can 
appreciate the advantages accruing from railways, that the 
Government of India should not strain every nerve to eiTect a 
speedy completion of the north-west line, instead of checking 
its progress, as they have recently done, through mistaken 
notions of economy. 

On this line the bridges, again, constitute the chief en- 
gineering difficulties. There are 1 2 principal rivers to 
cross ; among which the largest are the Naggery, Cheyair, 
Paupugnee, Chittravutty, Penair, Hugry, and Toongahudra; 
the channel of the Cheyair being some (iO chains across, and 
the others varying from 10 to 40 chains; making an aggregate 
of bridging over these 1 2 rivers alone of more than three miles 
in length. The designs are principally for masonry, piers, 
and superstructure of wrought-iron girders, in spans of 60 feet, 
adapted for a single line of rails. The cuttings and embank- 
ments, too, of the Madras Railway are, I may observe, all 
adapted for single line, the masonry being constructed for a 
double line. 

The total length of the north-west line, to its junctk 
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with that from Bombay, is 330 miles. Two ranges of hills are 

crossed ; the first, at Ballapilly, involving a heavy cutting 
through quartzite, and a grudieot of 1 in 60. For about 130 
miles the earthwork is tolerably heavy; but to the north of 
Cudilapah the great plains of black cotton soil prevail) and 
the earthwork will, consequently, be light, 

The permanent way is formed of seventy-five-pound rails, 
and cast-iron sleepers, with tie-bars. The gauge is 5 feel 
6 inches — the standard for Indian railways. 

The south-west line was laid with sleepers of the country 
timber ; and though some varieties of this are extremely hard 
and tough, yet experience proves that there b no timber 
capable of withstanding the ravages of the white ant, or the 
effects of dry rot in this climate. Teak is the only timber 
whose use in sleepers has been attended with partial success. 
Even the English oak treenail becomes converted into a 
brittle substance, resembling charcoal, after little more than 
a year's exposure to the weather. 

The renewal of such a road is very costly ; and in all cases 
of renewal, on the south-west line, the cast-iron sleeper is 
being now substituted for the timber one. 

The first 96 miles of the south-west line, open on the 
east coast, have cost for construction, and including permanent 
way and rolling stock, £8,500 per mile. 

The north-west line, so far as at present constructed, 
with a permanent way of much greater original expense, has 
cost only £7,000 per mile. 

The public works executed in India have long been con- 
ducted under the authority of a special department of Govern- 
ment i the engineers being, for the most part, supplied from 
among such of the officers of the army as are able and willing 
to submit to the slight preliminary ordeal required to fit them 
for the service. The greater number are selected from among 
the engineer corps and the artillery; their subordinates chiefly 
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from among the ranks of the sappers and miners and tlie 
artillery ; and the lower grades are made up from among the 
Dative community. The lubour is performed by coolies 
working for daily wages, occasionally by means of coQvictB, 
and in some instances, small contracts are entered into. 

In imitation of this organization of the Public Works 
Department some of the Indian railway companies have 
adopted what is called the departmental system, under which 
the work is executed without the intervention of cuntractors, 
whose duties, in addition to their professional ones, the com- 
pany's Engineers undertake to perform. 

A good deal may be said in favour of this mode of working 
in the early stages of railway construction in India, where, 
owing to the character of the climate, want of local experience 
and other causes, it might be diiEcult to find English 
contractors willing to enter upon such a speculation. Besides, 
it may be urged that if the Company can perform by their own 
officers the work usually committed to the agency of con- 
tractors, is it not a clear saving of the per ccntage which the 
latter would calculate on in return for their labour and 
outlay ? 

This looks true enough ; and, under certain favourable 
conditions, would undoubtedly follow. These conditioiis, 
involving as they do, for the most part, questions connected 
with the general management of the Company's affairs, are 
not suitable for discussion here. 

There is, however, another important condition to its 
success which may be alluded to. It is, that the Engineer 
should not have a larger amount of work placed under his 
charge than he can do justice to. 

In India, where skilled labour is scarce and of an inferittt 
order, efficient overseers extremely difficult to procure, and 
dishonesty and peculation universal, an extraordinary amooal 
of energetic supervision is incumbent upon an Engineer, who. 
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placed upOQ a district so organized, would do his duty 

conscientiously. 

The lengtli of line under conatruction, committed to the 
charge of an engineer on the Madras Railway, ranges 
from 20 to 25 miles. It is true that with an eiEcient staff of 
subordinates, it would be quite possible for him to perform 
the duties of field and office, even with alt the accessary 
functions of providing work-people, apportioning, managing, 
and paying them; preparing and distributing plant; keeping it 
in repair ; teaching and training overseers, mechanics, &c, ; 
regulating a detailed system of accounts; guarding and dis- 
bursing immense amounts of the bulky silver currency; 
maintaining a harassing cross fire of office correspondence; 
but above all, exercising that untiring vigilance over the work 
in progress which the apathy, carelessness, and deceit of the 
Hindoo workman renders so indispensable. 

Subordinates capable of relieving the Engineer of a portion 
of these labours are not, however, available in India, except 
to a very limited extent. On his own energy and bodily 
vigour, therefore, are mainly dependent the successful progress 
of his work — as many a zealous officer of the JIadras Railway 
has discovered at the expense of health. This, however, is an 
instance of the abuse of the departmental system. No 
practical person can doubt that, were the energies of the 
Engineer limited to a distance of half the length (or say 10 
miles) the cost of the work would vary in the same proportion, 
and its rate of progress and improved quality, inversely. 

As railway construction progresses in India the contract 
system of work becomes yearly more popular, though on a 
much smaller scale than that usual in other quarters of the 
world. Wealthy natives may be always found, ready to 
undertake a limited amount of work by contract; they are, 
however, slow to embark capital, and have, generally, to be 
BSBiBted with plant. Their ignorance of mechanical appliances 
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is another bar against any very elaborate essays 
This, indeed, is a disqualification which gradually diminishes 
as our worlvshops esleiid their practical lessons; and there is 
every reasou to expect that native contractors will perform the 
greater portion of all future railway construction in India. 

I may mention that a company, composed entirely of 
Datives, is at present raising a subscription to construct a line 
of 18 miles in length, from Arconum, the junction of the 
nortb-west and soutb-west lines of the Madras Railway, to 
Conjeveram. 

Such an evidence of the beneficial tendency of the intro- 
duction of railways into India, towards developing the dormant 
capabilities of its people, must be as gratifying to the states- 
maD as to the philanthropist. 



[February 12, 1SG2.] 
M. B, MULLINS, Esq., Vice-President, in tha Ciair. 



:J^ 



On Hie Eelatite Advantages of Vabioits FohmS^' 
Perjiaseni Wat, ttsed in Ireland, especially with 
reference to Mode of Fastening Joints. — By Jaueq 
Price, Member. 

The consideration of the best form of permanent way is a 
subject of growing importance to railway engineers. The vast 
extent of railways now constructed in the British Isles must 
direct attention to the perishable part of their construction, 
viz.: the permanent way, the renewals of which require a 
larger expenditure than is likely henceforth to be spent in the 
primary construction of new lines, and which outlay must be 
met by the revenues of the shareholders, whose sensitive 
pockets will soon indicate how much care and thought their 
engineers have devoted to this subject. Any defects in the 
permanent way at once produce damage in another very costly 
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p«t of the concern, viz.: the roiling Block; again, the safety 
of the line is mainly dependent on the absence of such defects, 
as also the comforts of the travellers, whose luxurious moods, 
put on for the occasion, should not be ruffled by irritating jolts, 
fatiguing to the body, and confusing to the brain, and what 
not ; to encourage travelling and increase receipts we must 
have our railways steady and smooth. It is not proposed to 
bring before you anything very new, or much theory on this 
essentially practical subject, though there is no doubt that 
correct theory, ha.sed on observation, leads to improving results, 
and directs the channel in which this, as all other, practical 
subjects should move, without limiting their necessary latitude ; 
but it is my object to bring forward my views and experience, 
that it may draw out from others theirs in return, either to 
controvert or otherwise, so the matter may be properly viewed 
in all its lights. I have often found In engineers a notion 
that permanent way is a thing so simple, and brought to such 
perfection, that there is hardly any need for the many improve- 
ments coming out from time to time. After the many diffi- 
culties in making a line— first procuring the Act ; then those 
serious engineering difficulties; want of funds ; unsatisfied 
landholders and owners; bad foundations ; sinking bogs; &c.; — 
being overcome; large spans crossed; proper ballast procured; 
when the r^uls, straight and symmetrical, the result of English 
skill, and coal, and iron, and the sleepers, square and new, 
appear, the permanent way seems a perfection ; and yet it has 
often the greatest imperfections, and, greater than all, it belles 
its name, and is not at ail permanent, whereas the other works 
generally are, or should be so. 

Of all parts of a railway, the rail, which is its very essence, 
bears the brunt, and, along its edge, receives the shock of that 
ponderous machine, whose roll Is like the track of an earth- 
quake ; stand at the nearest distance for safety from a dashing 
express, and consider that mankind Is enjoying himself within 
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that avalanche, and look below at what directs tlie mass- 
bears its weight, and, in many cases, receives undoubted blows ; 
one may thus, for a moment at least, realise the awful respon- 
sibility placed upon those narrow bars, and mouldering 
sleepers, called the permanent way. In considering the rails, 
we must be struck by the rapid advance made in the process 
by which such a mass of iron, and that not of a very malleable 
description, can be rolled out to such a length as is at present 
attained ; the length of rails have gone through many stages, 
from the 3 feet metal plate to 12, 15, 18, and even to 30 feet. 
I know not whether this length has been exceeded. How 
greatly this must lessen the cost of maintaining lines, from the 
diminution in the number of joints, is evident ; as it were to 
compensate for this, the weight of engines have proportionally 
increased — from the Rocket, the father of all engines, 6 tons, 
to the present, 30 tons — and so must add to the wear and tear; 
even small engines, looking so light, such as tank engines, 
are found to contain, compactly put together, a great mass of 
iron, and, standing on a short length, they severely test 
permanent way, and bridges.* While on this part of the 
subject, I may mention that some information is much 
required, as to how much of the weight of engines is borne 
by each pair of wheels, and the best way of apportioning their 
weight; the weight upon the leading and trailing wheels will 
always be in a given proportion in the same engine, but the 
actual amount varies with the strength of their springs, as 
compared with those of driving wheel. 

A rail on cross sleepers is unquestionably a girder; on longi- 
tudinal sleepers it is not so, and is, or ought to be, supported 
equally throughout. As to the relative advantages of each, it 
appears that most engineers are in favour of cross sleepers, and 

• This jacPcaBe of weight is, in a measure, due to the greater thickneaB 
of the iron in the Ijoiler, required by the change from tho use 
of 50 to eoibs. to that of 100 to 150 lbs. 
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notwitbout good reason. On long;itudioal sleepers the rail musl 
be at least strong enough to carry the load over a short Bjiaee, 
otherwise the slightest failure in the timber would lead to the 
breaking of the rail, and a very slight increase in depth will 
make it strong enough to span the usual spaces of cross 
sleepers. Again, we are more certain that the rail bears at 
equal intervals, and that its supports are equally unyielding, 
from the packing being confined to the ballast under the 
cross sleepers ; for my part, if I have a girder, say for a 
bridge, strong enough, I would prefer that the abutments 
were equally unyielding to any uncertain support all along 
under the girder. 

Above all other considerations in favour of cross sleepers 
is the certainty that the gauge and cunt of the rail are 
truly preserved, there are many other reasons in favour 
of cross sleepers, such as better drainage, easy removals, 
and facility for using native timber, which are merely 
necessary to mention. I will therefore Bpeak of the rail 
as a girder, resting on supports at regular intervals; it 
might be as well, in the first place, to inquire what these 
intervals should be, perhaps this is a matter not at all attended 
to, and yet of the utmost importance; it has struck me as 
remarkable that, whereas there is such a difference between the 
strength and Btiffness of various rails, from a low bridge rail, 
3J inches high, to a high double-headed or girder rail, 5 inches 
deep, the spaces of sleepers are, in every case, 3 feet; it seems 
as if it were all done, not by rule of thumb, but by rule of legs 
or paces ; in the case of a stiff rail, by adhering to this rule, 
there is not only a waste of timber but a positively worse line ; 
many may have remarked, in going over a line where a deep rail 
is used, a hardness which it is not easy to account for, this 
hardness is found to be not oidy unplesant but injurious to 
rolling stock, it is in reahty a vibration vertically ; if we 
iuppose the driving wheel of an engine to stand immediately 



over a sleeper, there will be a depression occasioned by thfl 
compression of the timber and yielding of ballast, which let ns 
call X (Plate 1 1., fig. 5) ; then let the wheel move to centre of 
space between this and another sleeper, it is quite plain the 
weight is now borne equally by each sleeper, and the deprefision 
of each will be a, and the depression in centre wiil be 
a+defiection of rail; therefore the deflection of rail should equal 
x — a\ (a being the depression which would take place under 
half the load, always greater than ^ x;) in order that the whole 
may move on a straight line, and not on a line having a 
vertical undulation, if the depression is equal when weight is 
over sleeper and when in centre of interval, it will be nearly so 
for any points between ; if these conditions be not fulfilled it is 
evident there will be an undulating line of motion, as illustrated. 
(Fig- 6.) 

This is no doubt of small variation from the straight line in 
ordinary roads, but when a train is moving at about 40 miles per 
hour, it rises and falls 40 times per second, which is a considerable 
vibration for such a mass to undergo ; the springs modify this 
effect. This can he easily remedied by altering the spacing of 
the sleepers. Having tried experimentally what takes place, by 
setting a level to bear on indices fixed on the rail in the above- 
mentioned positions, I found In case of a girder rail of thia 
section ^ 4| inches high, that the rail was too stiff for the 
spacing of 3 feet, the sleepers being 9 inches by 4J, and that a 
better road would be made by spacing sleepers 3 feel 6 inches 
apart, and saving in this way in immediate outlay and the present 
value of future repairs, about £80 per mile. In the case of a 
bridge rail I found an opposite curve, and then the remedy 
would be to put sleepers closer together and smaller, a few inches 
makes the difference, as deflection varies with cube of interval ; 
the stiff rails are much more nearly correct. I do not mean to 
Bay that the relation between the stiffness of the rail and the 
spacing of the sleepers can be, in this manner, ascert^ed to a 
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•nicety, but that there is a relation between them which is worth 
considering, of course the nature of the ballast and other circum- 
stances modify the result; when a driving wheel rests upon a 
sleeper 8 inches by 4 inches the depression varies from Vt inch 
to A inch, and is generally proportional to base of steeper. 
The rails principally used in Ireland are bridge rails, Vignollea 
rail, or girder rail— the Barlow broad flange rail, on iron 
sleepers at joints, I believe now universally condemned. The 
double-headed rail in chairs is coming more into use. Con- 
sidering the rail as a girder, no doubt the VignoUes rail and the 
double-headed are the strongest forms, the former is becoming 
a favourite in the North, and it lias the advantage of simplicity, 
and requiring no intermediate chairs, the latter has the advan- 
tage in its capability of being turned, to gain which ad vantage it 
is necessary that the bottom be kept from resting on iron, and 
that it be deep enough to form a girder even when top is so 
much worn that it requires turning. The bridge rail is in- 
ferior to both as a girder, but has a much wider base, and 
from the sides being vertical and square to top and bottom can 
be, perhaps, more perfectly rolled than any other form. But 
their relative advantages mainly depend upon the way in which 
each kind can be jointed; this is the most important part of 
my subject, I believe the requirements of a good joint can be 
easily stated — a freedom to expand and contract longitudinally, 
and that every other motion be prevented efficiently and per- 
manently. The double-headed and VJgnolles rail has this 
advantage over all others, viz. : that they alone can be fish- 
jointed in the proper sense of the word, as applied to rails ; the 
principle of fish-jointing is very simple, the plates are portions 
of wedges drawn against top and bottom by the bolts, when 
the weight comes over the joint, the rails deflecting nip the 
fish-plates, the; weight not coming on the bolts, which are 
merely useful in holding together the plates; thus small girders 
are formed, held rigidly, except for the short interval, if 
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any, between ends of rails ; tlie iish-plates also stiffen 
laterally, thougii not so muclj as could be wished. Vignolles 
rail stands on a narrow base, and istbusin danger of capsizing; 
when timber is in use for some time ibere Is apprebension 
of tbis taking place. The Government Inspectors are now 
becoming very firm in requiring some fastening at the joints 
more secure than mere spikes. You may observe there is 
very little room in the flange for a bolt, at most a small bolt 
only (viz., J inch), can be used, which is quite incapable of 
holding rail in its place, they are found to have started after 
a few months' use. I have been led to apply this chair, which 
I invented for repairing of bridge-rail roads, to this rail also. 
(Plate II., Figs, 1, 2, 3, 4.) All the inspectors seem to approve 
highly of it. Mr. Barton has just ^ot them to lay on Clones 
and Cavan Branch. 

The great advantage to be derived is the giving of a broad 
base near the joint, anil tbe applicationof alargebolt entirely 
outside, or partly enclosed in die flange. I much prefer the 
former, as it is known that the notching of tbe rail not only 
weakens it by loss of the iron, but also injures the adjoining 
parts. I am indebted to Mr. Anderson for tbe result of some 
of his experiments on this subject, by which it appears that a 
bar 2^ X i is weakened, by being punched with a |-inch hole, — 
instead of its having bad tbe same hole drilled — to an amount of 
14 per cent., which shows that J inch of ihe iron all round is 
damaged to about half its strength, no doubt this eifect is 
much greater in the hard iron now rolled into rails. Wherever 
we apply the fastening for holding down the rail, that part of 
flange should be left whole, and the flange should be punched 
or notched only on intermediate sleepers to prevent travelling. 

The great puzzle tvith bridge rails is how to make the 
joints; the old moiles, one after another, have been found 
defective; some were bolted down through long chairs which 
caused sleeper to rock, some through a short chair, which cut 
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into the sleeper, in both cases tlie bolts were drawn and the 
£anges of rails frequently broken at bolt holes ; in fact, most 
rails removed are found broken or craeked at this place. It 
has appeared to me that the source of failure lies in the fact 
that no boit larger than f-inch can be used when boits pa's 
through flan<;es. but the fact that a |-inch bolt is insufficient 
to hold <Jown rails does not make it conclusive that a bolt of 
twice and half that section would be also insufficient. On 
this principle, I designed the chair I now exhibit, by which 
means a much larger bolt can be applied, and without any 
danger of breaking off the flange, as the strength of the bolts 
prevent all jerk, and the washers diffuse the force over a 
larger portion of the flange; of course, if the flange had not 
been previously bored, it would be still stronger; but as this 
chair Is meant mainly for repairs of cxistiug lines, the absence 
of bolt holes is an advantage I do not calculate on. You 
may also perceive that the wide bearing on the sleepers gives 
increased steadiness, and causes the sleeper to last many years 
longer. With this chair is also used a compressed oak dowel 
(Fig. 1), which, though not an essential part, yet, is very useful 
in giving solidity to the joint ; it is forced in by driving down 
rails upon dowel, with a mawl, and then drawing it right home 
by force of the bolts, the dowels are so light that after 6 months 
use they expand ^inch on being withdrawn ; the cost of this 
dowel is very small. I do not pretend that there is any great 
ingenuity in this arrangement, but I do say that it is practi- 
cally a good joint, easily applied, and the only one 1 know of 
that can be applied to existing lines. I have tried the amount 
of motion allowed by this joint by fixing pieces of wax on the 
ends of adjoining rails, and, with a pencil imbedded in one 
and a card in the other, the motion of the joint was marked on 
the card after the passing of a train, the length of line marking 
the vertical motion, and the thickness of line the lateral 
motion. I found, after a number of trials, the relative vertical 
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motion to be less than one-fourth of that which took pla( 
an ordinary bridge-rail joint, equally new ; in the case of fish- 
joints, this motion was rather leas, but the lateral motion round 
a curve greater; in the former case I found no lateral motion. 
I know there are other chairs proposed and used for bridge- 
rails, the best of them is allowed to be Mr. Harty's," which, 
though applicable to new lines, is difficult to apply to those 
existing, from the fact of their requiring a re- arrangement of 
sleepers, and new holes having to be drilled in rails. There 
are various forms of cast-iron chairs, some very ingenious ; 
on this subject I have no experience, so will not speak, I am 
not, however, partial to cast-iron for bearing anything of a 
jerk, I therefore prefer my own, as I should, to all others for 
simplicity. This chair may also be used at half its length, 
with two bolts instead of four, and it is applicable to half- 
round native timber ; this is almost, if not quite, as good as 
the long chair, but, where square timber Is used, chair should 
cover the timber. The sleepers are found not to rock under 
the long chair; it appears that juint is so solid that the 
pressure conies upon sleeper as it does on an intermediate 
sleeper, and acts at once on centre ; it is certain that one side 
of the sleeper cannot go down without bending washers and 
chair. The arrangement underneath, in lieu of the ordinary 
crab-nut, is worth noticing; it was designed for longitudinal 
sleepers, as the timber outside base of rail is so slight as not 
to be depended upon for securing a crab-nut to. This washer 
has slot holes to allow for any uneveness in the distance apart 
of the holes when bored j the washer will thus always fit to 
a pair of bolts, and can be placed across the grain of timber, 
and so will not cut into it. The surface which bears against 

♦ 1 had not the pleasure of Iieariog Mr. Aadereon's, I am sure, vorj* 
good Paper on tUa chair, but those nho hoTe, must bo quite familiar with 
the principlea of Mr. Jlarty's chair, now almost universally adopted for 
now 1in«a laid with hridge-rails — (See Procetdingi I.C.E.I., Vol vi.) 
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the wood is double that of an ordinary pair of crabs, and the 

weight, including a pair of nuts, is 1 J lbs less than that of a 
pair of large crab-nuts, and, titerefore, in the double joint 
there is a saving of 7 lbs. The plate, moreover, can be used 
again and again, and is not condemned as scmp, which is the I 
case with old crab-nuts. In longitudinal sleepers the fastening 
is also made independent of the outer portions of sleeper. In 
case of longitudinal, the half chair is quite sufficient. This 
arrangement of chair, as applicable for both kinds of rail, E 
have taken out a provisional protection for, and I am now 
taking the further steps for patenting. 

I have not touched on many points of interest connected 
with permanent way, such as the value of different kinds of 
chairs, used for double-headed rails, nor as to the merits of 
diiTerent kinds of sleepers, cast-iron, or wood; I would only 
remark as to the latter, that I find nothing so cheap, so 
good as to strength, resilience, and durability, as the larch 
sleeper which has been grown on stony ground; and, perhaps, 
railway companies would be wise in planting some of their 
spare land, and the bottoms of deep embankments, where the 
trees could not shade the line, with this valuable and rapidly- 
growing timber. We have planted, on the Dublin and Belfast 
Junction Railway, nearly 40,000 this year, for a commence- 
ment. But I am now touchingon other matters not immediately 
connected with the subject; lam, therefore, in danger of leaving 
my subject unfinished, which, I fear, I must do, as I only mean 
to bring forward what came under my own perHonal notice, 
hoping that others may produce their thoughts on this sub- 
ject, which will, of course, take a different form according 
to their different experience; thus a subject becomes sifted, 
and knowledge is extracted tending to the perfection of matters 
connected with our profession ; otherwise, in the great range 
of subjects embraced in the profession, we might not find 
time to investigate, personally, to any degree of perfection. 
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those various matters, a knowli^dge of which is required 
instance, there is a subject many want information about, 
viz.: the processes of manufacture of iron ; the l)est way of 
forming the faggots from which rails are rolled, and the 
strength of the hard iron now used for rails; those connected 
more immediately with iron works could do much for us i 
supplying this information. 



[March 12tU, ISe2,l 

PROFESSOR DOWNING in the CLair. 

On tlie Re-Constructioh of Malahide Viaduct. — B^ 

William Anderson, Esq., Member. 
A FEW hundred yards from Malahide station, the Dublin and 
Drogheda Railway crosses an estuary or bay, partly on an 
embankment and partly by means of a viaduct 577 feet long. 
At the original construction of the line, this viaduct was built 
of timber, in 1 1 spans, 52 feet each. The general arrangement 
of this structure is illustrated, Plate III., Fig. 3. The ob- 
struction to the free flow of the tide, presented by the embank- 
ment, caused a very powerful current to rush through the bridge, 
and it was very soon found that the soil into which the piles were 
driven was rapidly washing away, and the bridge settling down 
in consequence. To arrest this evil large quantities of stones 
were, from time to time, shot into the stream till a bank was 
formed, averaging 130 feet broad, by 30 feet high, extending, 
in continuation of the embankment, right across the tide-way. — 
(Plate IV., Fig. 4.) By this means, and by constantly packing 
up the rails, in some places to nearly three feet, the viaduct was 
made to do its duty till the year 1859, when, serious signs of 
decay becoming apparent, the Directors ordered their Engineer, 
Mr. Marcus Hurty, to prepare plans for the re-cons true lion of 
the bridge. As this was a work presenting some engineering 
difficulties, and involving a large outlay, designs were also 
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ined from some English Engineers of note, but none of 
them Laving been adopted, it is unnecessary to notice them 
any further. In arranging the design for a new viaduct, three 
things had to be mainly considered; 1st — the maintenance of 
the traffic during the execution of tlie works ; 2nd — the 
widest possible tideway; and 3rd — the most durable material. 
The first and second considerations, together with the relative 
cost of the superstructure and piers, decided the number and 
length of spans, for these had to be so arranged that the piers 
might be constructed and the new girders laid without 
endangering the old foundations, while the order in which the 
new structure should be erected was determined with reference 
to the least obstruction of water-way. It would appear, at 
first sight, that the easiest plan would have been to take 
down one-half of the old bridge first, build the new piers on 
the site of the old ones, and complete the superstructure of 
one line; by this means much complication in arranging the 
traffic, and all danger of obstructing the water-way would be 
avoided. But it was feared that the old piers could not be 
disturbed with safety ; that the hold of the piles in the ground 
was so uncertain, that any disturbance of the stones might 
loosen the piles to a dangerous extent, and, consequently, any 
works performed on one half the piers would seriously endanger 
the other. The new piers were, therefore, placed in the 
water-ways; the first three spans of the bridge were com- 
pleted — first for the down, and then for the up road; all 
the old work taken down, and the new water-ways cleared 
and levelled; the increased facility for the fiow of tide thus 
obtEuned would enable four more piers to be built, the 
down line over them completed, then the up line; the oid 
work again removed, and, finally, the remaining piers and 
superstructure laid in. As regards materials, Mr. Harty 
proposed two plans: 1st — stone piers supporting cast iron 
girders, 26 feet span, with brick arches turned between 
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them, and the road laid in ballast; and Sad — stone pia 
supporting wrought-irou beams, 52 feet span, with the road- 
way laid on the top of them, on timber sheeting in the usual 
manner. The very much greater liability of wrought over 
cast iron to corrosion, from the effects of sea-water, was very 
strikingly exhibited in the old bridge, where the bolts and 
straps securing the wood-work were deeply eaten away, even 
where the surface showed a good coat of paint, while the cast 
iron sockets and shoes, though unpalnted were almost free 
from rust. This fact induced Mr. Harty to recommend the 
first plan, but the strong prejudicie which exists against the 
use of cast-iron in situations where failure might lead 
to most disasterouB consequences, swayed the Directors to 
adopt the wrougbt-iron superstructure. The first thing done, 
was to prepare nine light travelling cranes. They were 
very ingeniously and cheaply extemporized, by converting 
pairs of old engine wheels into turn-tables, fixing them on the 
body of an ordinary ballast waggon, and arranging on them 
a wooden framework and jib, carrying an ordinary contractor's 
crab. At the same time stones for the piers were being 
delivered at the Dublin Terminus, and as the season waa 
advancing towards spring, and no time was to be lost, six 
or seven quarries were laid under contribution ; I,T03 tons of 
stone in all were worked up — calp for the rubble masonry, and 
limestone for copings. The "dressing of the stones was all 
done at the Dublin Terminus; tlie piers being actually buUt 
up dry, the stones marked, transported to the bridge, and the 
piers again built up dry, but turned bottom up, alongside the 
line, on the embankment close to the viaduct. The working 
drawings of the iron-work were also got out; tenders were 
invited from a few firms in Ireland and England, and the 
contract ultimately given to Messrs. Courtney, Stephens, and 
Company, the firm with which the author is connected. 
There was no contractor for any other part of the work ; it 
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was all executed under Mr. Harty's personal superintendence j 
a great portion, however, was done by piece-work as vfill 
presently appear. As soon as the various prepJirations were 
sufficiently advanced, the works on the bridge commenced ia 
March, I860, by carefully straightening and levelling the 
roads to the exact lines they were to occupy in the new 
structure. Switches were laid in at both ends of the bridge to 
turn the traffic at pleasure to either line, signals were erected 
near the point-levers for the guidance of the trains, the 
approach of which was notified, as soon as they came in sight, 
by the ringing of a bell fixed on the middle of the bridge. 
Over the siie of each new pier a cross-road was laid, projecting 
sufficiently far over the water on each side to admit of a crane 
standing clear of passing trains. The rails of the main line 
were nicked out to allow the flanges of crane wheels to clear ; 
and, as the sheeting over the new piers had to be removed, the 
main line rails, where they happened not to be over the 
wooden beams of the old bridge, were strengthened by 
bolting short pieces of rail under them. Seven workmen's 
huts were extemporized out of thinl class carriages ; while the 
Engineer took good care of himself in a snug office, built on Ihe 
north abutment, in the castellated style, tastefully decorated 
with coal tar. A siding was laid on the north embankment 
for the pilot engine, which remained in attendance throughout 
the work. Two boats and a boatman were provided, the 
latter stationed so as to be in readiness to render assistance in 
case of accident to the men, and life buoys were placed on the 
bridge for the same purpose. In spite of every precaution, 
however, the author grieves to record that one of bis men fell 
into the tideway, was swept away by the resistless current 
and drowned; his body was not recovered for a fortnight. 
The rush of waler under the bridge was at times awful, some 
idea of its force may be formed, when it is stated that a dam 
composed of about 4 tons of 80 lb. rails, bolted together to 
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form a boom, wilh stones and sods among them, was wasB^ 
away on the night of May 4th. The ends of some of the 
ralU may even now be seen, so tightly jamed among the 
Stones and rocks, us to resist every available means of 
recovering them. 

Before describing the method of constructing the piers, it 
is necessary to mention that the bank of stones, thrown in to 
support the oid bridge, was assumed to be ample support for 
the new work, nothing more being required than to consolidate 
and level the base of the pier. A reference to Pliite III., Fig. 3, 
and Plate I V., Fig. 4, and to the stereoscopic views on the table, 
will show that the pitching thrown in to support the old bridge 
had been piled round the base of the piers, forming thus two 
sides of a dam, the tide fell away very rapidly from the east side 
of bridge, which, therefore, required no dam, and it remained 
only to arrest the shallow but rapid stream which was caused 
by the discharge of the pent-up waters of the estuary. This 
was done at first by a dam of sods, kept down by rails and 
stones, but after the accident already described the following 
plan was adopted. On the west side of the tide-way to be 
dammed, a curved track was cleared at low water, the ends 
resting on the pitching round the old piers, and the convex 
side turned against the pressure of the bay, a wall of sods was 
then built up in the track, and securely pitched with stones 
on both faces, the form of the sides and top being such as to 
impede the flow of the water as little as possible, when once 
the tide rose too high for continuing the works. This dam 
was, after all, only a very imperfect protection, as the water 
found its way through the loose stones in every direction, so 
that all the foundations were laid under water. In preparing 
the site of the piers two plans were adopted. At first the 
loose stones were removed, to form a level bed at the 
proper depth, about some 15 inches below the general 
surface, and the edges of the hole thus formed were built 
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round with stones, set on edge without cement, the work 
being all under water ; the space was then filled In with 
shivers mixed with iron-turnings to concrete them, the whole 
being rammed down, as long as any yielding could be per- 
ceived, by means of a 5 cwt. block of iron. To prevent the 
ram splashing into the water, a layer of stonea was laid on the 
top of the real formation, and removed after the ramming was 
complete. Later on, however, this method was modified in 
favour of large flags, laid some 7 inches below the bottom of 
ashlar, and rammed down as before through stones tempo- 
rarily filled in on them; the building of the edges with 
pitching was also discontinued until after the first courses had 
been set. As soon as a firm and level base was obtained a 
framework of old rails (Plate IV., Fig. 3), being the contour of 
the base of the pier, was laid down, and when adjusted at the 
proper level on a few blocks of stone, the intermediate spaces 
were carefully packed with flat stones all along under the 
rails, and the interior space tilled in level with their upper 
faces, a grouting of cement being sometimes poured in if the 
state of the water permitted it. 

On this foundation the first course of ashlar was laid, and 
the pier carried up very rapidly, the stones being taken down 
from their places in the pier on the bank, run on to the bridge 
in a hand lurry, and lowered very rapidly by two cranes, one 
working on the cross-road and one on the blocked up main 
line. Lewises were at first tried for slinging the stones, but 
subsequently abandoned for common chain hooks, which 
answered equally well. Medina cement (Nine Elms) was 
used for the work set in water, or when the work would very 
quickly be covered by the tide, and Roman or Portland for 
the rest. The piers are remarkable for having no plumbing 
quoins of any kind; they were bull t from centrelines stretched 
from a vertical post erected a few feet beyond the cut-waters 
of each pier. Templates were made for each course, as the 
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batter was in from every side, t!ie correct position of eacli in 
the length of pier being given by a standard length from the 
guide poles. Stone pitdiing was carefully packed all round 
the new pier to guard it as much as possible from tiie violence 
of the current. After the old bridge had been removed the 
water-ways were carefully levelled, the gain in tideway being 
about 35 per cent. 

The first stone of the first pier was laid April 14th, I860, 
that of the eleventh on September 19tli, 1860; about 12 days 
elapsing between the commencement of each pier. During 
this time, however, a great deal of the old bridge was 
remoi-ed, and some casualties occurred, as for instance, the 
dam of No. 2 pier failed on May 4lh, as already described, 
and on the 8th of the same month the increased rush of water, 
occasioned by obstructing the first three water-ways, caused a 
breach in the dtli, which took 70 tons of stones to repair; and 
on September 17th, the dam of No. 11 pier gave way. 
There was also delay of about a month from the inability of 
the contractors to gel the iron-work for t!ie first three spans 
ready in time ; so that on the whole it will be admitted that 
the work was done with very creditable rapidity, mainly due 
to Mr. Harty's admirable arrangement, great forethought, and 
unwearied personal exertions. It should also be remembered 
that all the works had to be arrested for the passage of every 
train, and that a great deal of the laborious work was done 
during the two hours or so of low water. The abutments 
were originally built of stone and very little alteration in 
them was necessary. The cost of the rock ashlar, dressed at 
the terminus, ready for building into the piers was 14-^d. per 
cube foot, the same stone delivered, dressed, from the quarry, 
13Jd. per foot cube; and it was found that 10-7 cube feet of 
dressed stone was procured from a ton of rough ; the real 
weight of the stone being 13J cube feet to the ton. The 
cost of transporting stone, building piers dry, twice over, 
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and finally setting the work in its place, could not be kept 
separately, as from the nature of the case it was performed in 
broken time. 

The watermen did their work by the piece, the following 
being the cost of founding each pier : — 

Kemoving dam from last pier; damming west end of old 
arch and maintaining same ; filling and discharging stones and 
sods for dam, from quarry ; sinking old waterway for founda- 
tions of new piers ; setting flags to near the proper level, and 
guide post stones; covering flags with htone shivers and 
gravel mixed with iron turnings ; ramming down flags with 
5 cwt. ram; removing shivers and stones, and helping to set 
up guide posts ; getting down rails, levelling and centring 
them accurately ; flagging among them in shivers and iron- 
turnings to level of rails ; attending to masons to the comple- 
tion of first course of ashlar on raits; packing under outer 
edge of ashlar base; packing rouud pier and east apron; 
loading bottom to pitching and slope of apron ; loading and 
discharging all atone required from quarry, £15. 

Bending rails to form of cutwaters, and securing them to form 
of foundation ; drilling and rivettiiig to plates at ends; and 

fish rails and 2 cross rails near centre, each £3. 

iCutttng rails for a cross crane road over each new pier — 
lag, square, the up and down main lines; cutting flange 

ps in main lines, and 8 plates to go under them, including 
drilling, &c., £1 10s. 

When the rails of main line were unsupported, and made 
beams of, per rail, 2s. 6d. 

The two upper courses of the piers were of cut limestone, 
into which the cast-iron wall-plates, for the beams to rest on, 
were sunk. 

As the new piers had to be built in the water ways, it 
follows that, if the regular spaces were preserved, the end 
spaces would have to be cither ^ or 1 ^ times the old ones ; 
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but, as 80 great a difference would have been inconyenient, 
the first and last piers were placed so as to divide a space and 
a-half into two ; the new viaduct, consequently, consists of 
8 spans, 62 feet, and 4 spans, 40 feet 2^ inches. 

The depth of the larger beams is 3 feet 6^ inches between the 
intersection of the lattice bars, or nearly one-fourteenth of the 
clear span, the piers being 3 feet thick at top. The shorter 
beams are reduced in depth, in proportion to their length, so 
that in both the number of lattice bars is the same. Each 
span is composed of 6 beams connected together by horizontal 
and vertical cross-bracing ; 4 beams being immediately under 
the rails of the two roads, and 2 beams under the handrails. 
Longitudinally, the beams are connected rigidly on every 
alternate pier, resting immovably upon it, while the remaining 
piers are provided with expansion rollers, (Plate III., Figs. 
7, 8,) the upper flanges of the beams being merely held in 
position, laterally, by a joggle secured to one beam only. In 
order to avoid exposing a large surface to the action of the 
spray and sea air, the flanges of the beams are made as narrow 
and thick as possible, while the lattice bars in compression 
are made of thick bar iron instead of the more advantageous 
section of T, L, or channel iron. In addition to the amount 
of material necessary to meet the strains, ^inch thickness all 
over is added to the roadway beams, to compensate for corrosion; 
the outer beams, under handrails, are in other respects, of 
the same strength, in order to secure protection to carriages 
getting off the rails. 

The load on one of the larger road beams isthus estimated: — 
Pitch Pine Planking 4 inch thick . . .1 ton 10 cwt. 



Gravel Strewed over same . 

Rails and Sleepers . 

Diagonal cross bracing 

Beam 

Passing Load ^ Ton per foot 



2 „ „ 

1 „ 10 „ 

6 „ „ 

25 „ „ 



Total, 37 „ 
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Thirty-seven tons, uniformly distributed, being rather more 
than J ton to the foot run, and for this load the strength of the 
flanges is adjusted; while to meet the contingency of an 
engine running on a very narrow base, with unduly loaded 
driving wheels, (he diagonal bracing is further strengthened 

sustain a conceutrated load of five tons travelling over the 

The shorter beams are similarly calculated to carry 28 tons 
iach, with a concentrated load of 4 tons additional on the 
lattices. — (Plate III., Figs. -1, 5, 6.) The flanges of the 
beams are composed of pairs of unequal sided angle-irons, with 
their deep' sides, between which the lattice bars are secured, 
vertical; the necessary sectional areas being made up by piles 
if plates, decreasing in number from the centre towards the 
ids. The webs consist of double systems of diagonal bracing, 
Jiued at an angle of 45° to the horizon, and presenting 
5 points of intersection with the flanges. Table No. 1, 
indicates the strain in tons, the sectional area in inches, and 
the unit strain in tons, on each bar of the bracing — calculated 
for the present paper with the aid of those most useful formuli 
for which the profession is indebted lo our Honorary SecretaryJ 
Mr. B. B. Stoney, and which may be found fully worked oi 
in the Quarterlif Journal of Science, for October, 1859. If W 
represents the toad on each apex of a system of bracing, inclined 
at an angle 6 with the vertical, and w be the number of loaded 
apices between any given diagonal and the abutment, then the 
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first apex is distant one whole bay from the pie.r, 



,Wj 



- where the first apex i 



inly one half bay dista 
Wsec.e 



from the pier. That portion of the formula . 

constant for every individual beam, so that the process ( 
finding the pressure on each diagonal is simply multiplicatia 
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by (1+n) n or n', as the case may be. Table No. II. 
gives the total strain, sectional areas, and unit strains in every 
portion of the flanges. In estimating; the sectional areas 
available for duly, a deduction of ^-inch of surfiice all over 
the beam has beeii made, to allow for corrosion, which, as has 
already been stated, is extremely rapid. In tlie top flange, 
and compression latices, no deduction lias been made for rivet 
holes. In the bottom flange, in which all the holes are 
punched, the cross section of the holes augmented by one-fourth 
has been deducted, while from the tension latlice bars, in 
which the holes were drilled, their actual cross section has 
alone been taken. As regards the necessity of considering a 
punched hole as somewhat larger than its measured diameter, 
it is necessary to explain that, from several experiments 
recently made by the author, there can be no doubt that the 
material immediately surrounding a punched hole is sensibly 
injured by the violent straining it undergoes, and it is probable 
that from 0'2 to 0'2d, added to the diameter of a punched 
hole, will be a safe correction. 

The cross-bracing connecting the 6 girders of each space, 
gives rigid lateral support to the top flanges at 4 points, 
leavhig, in the larger beams, a length of 22 feet in the centre 
to act as a column, with fixed ends. The breadth of the 
flange is 12 inches, or jVj of the length, at which proportion 
Eaton Hodgkinson's experiments have shown that wrought 
iron will bear very nearly a crushing strain witliout lateral 
deviation. 
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The lattice bars in compression are all 1:^ inch thick in the 
larger and 1 inch thick in the smaller beams, the breadth 
only being varied according to the strain. The sectional 
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area of these is determined by the law, that the power of 
bars to resist a compressive strain varies directly as the cube 
of the thickness, as the breadth, and, inversely, as the square 
of the length. This law, which has been thoroughly 
investigated, and experimentally demonstrated by Eaton 
Hodgkinson, will be found very clearly set forth in that 
mine of practical information, E. Clark on the Britannia 
Bridge, Vol. i., page 318. From an average of 18 experiments 
there recorded, on bars of various proportions, the author has 
calculated a constant for wrought iron, which gives very 
nearly the strength of any bar whose length exceeds 30 times 
its least dimension — let 1= length in feet, i= thickness in 
inches, b= breadth in inches, then the breaking load in tons, 

W=196 4?-'. 

It is hardly necessary to remark that in consequence of the 
difficulty of getting bars perfectly straight, perfectly uniform 
in texture, and in making the direction of crushing strain to 
coincide accurately with the centre of the bar, very great 
accuracy is not to be expected in such calculations. 

In considering the length of the compression bars, a 
question arises iis to whether the tension lattices, which 
intersect them in the centre, can be considered as securely 
fixing those points, as regards lateral deviation. Inasmuch as 
the weight of a flat pillar depends on the square of its 
length; this is a most important consideration, for if the 
tension lattice was capable of keeping the centre of the com- 
pression bar immovable, the latter might be regarded as two 
short pillars instead of one long one, and might, consequently, 
be made of lighter section. That the tension bars do actually 
give great lateral support to weak compression bars may 
readily be seen in a great many existing bridges, even of large 
spans, where very long thin bars are loaded to a far greater 
extent than they could possibly sustain if not so supported. 
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Tt ia quite evident, however, that the tension diagonal i 
give no lateral support until the bars have already deviated 
from their original plane, so that distortion must have com- 
menced before this support is available. As regards any 
increased strain on the tension bars from the extra duty they 
may thus be required to perform, it is easy to show that it 
cannot be considerable. 

Firstly. — Suppose the compression I 

B to bend in the plane of the beam 

the extent F E, C D being the tension 
ir crossing it, it is quite evident that if 
B F represents the strain passing down 
the bar, B E the resistance of the bent ■ 
bar, F E will represent the force necessary to keep it in 
equilibrium, therefore, the additional strain on C D will be 
the load on B A, diminished in the proportion the amount of 
deflection bears to half the length of the bar, which in practice 
is always a very small fraction. 

Secondly. — The effect of lateral deviation is to throw a 
tensive strain on C D, equal to the compressive strain on A B; 
because the angles at which the forces act, being the same, 
equilibrium can only obtain when they are also equal. But 
as the loads on the tensions and compression bars in any one 
part of a beam are very nearly equal, the strain due to lateral 
deflection can never greatly exceed what the tension bar is 
constructed to carry. 

The rivets connecting the angle irons to the flange-plates 
are ^-inch diameter; those connecting the lattice bars to the 
flanges vary from f-inch to l^-incb, according to the section 
of the bars, the latter are all in double shear, and so arranged 
that the sectional area of rivets holding each bar is at least 
equal to half the area of the bar. Some extracts from the 
speciticatioti will best explain the remaining details of con- 
struction. 



" The poaitJon of the fish plates, at the joining of the flange pl&bsB & 
angle-irons, is not shown on tbo drawings, to enable the contractor to use 
the longest bars and plates jKiseiblo; but it will be strictly reqnlred thai 
tie same available aectional area be preserved, in every part of a boam, aa 
b shown on the drawings. Xo rivets may be used to fish the flange plat«s, 
except the two rows of J-inc!i rivets shown on plana. No rivets may be 
used to fish the angle-irons except those of the llango plates or J-iaob 
rivets, in the same linca as the two rows fastcniog the diagonal bara. 

" All holea in phites or bars, over J-incb thick, must bo drilled ; but, if 
J-bch thick, or under, they may be punched. 

" All malleable iron, used in this coDtra^t, must bear a strain, by tension, 
of at least 2(i tons per square inch of its seutions, in any part of the plate 
or bar. 

" All cast iron shall bear a strain, by tensioD, of at least 6 tons to the 
square inch of its section. 

" The contractor shall provide for testing, in such way as shall be 
satisfactory to the company's engineer, 10 per cent, oi' the bars and 
plates to be used, the part to be tested being cut from the end or edges of 
the iron as shall be pointed out; and, if it shall happen that a sample 
tested, of any lot, gives way nitb a less strain than specified, it shall be in 
the power of the company's engineer, or any one acting for him, to reject 
the whole lot. 

" All the beams shall be tested, if required, in the presence of tlig 
company's engineer, or some one acting for him, and to their satisfaction — 
the latter insde girders to 40 tone, the smaller to 30 tons, distributed." 

It will be noticed tliat in this specification tlie quality of 
the iron is definitely fixed by a standard that cau readily be 
measured, the ridiculous clause, hitherto in general use, defining 
iron by particular brands, is happily going very mucb out of 
fashion, though it is remarkable that it is not easy to get 
ironmasters to j^uarantee their iron to bear any given trial 
strain. The lattice bars were all rivetted to the flanges, by 
Cook's patent steam rivetting machine, a diagram of which 
the patentee has kindly sent to illustrate this paper. It differs 
from Garforth's machines in not being direct acting. The 
steam cylinder la placed vertically, the connecting-rod which 
works through a trunk, is connected to a lever, keyed on a 
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rocking sliaft, forcning also an eccentric whieli actuates the 
rivetting die. Nothing can exceeti the quality of work done 
by this machine. The author fiuds that it is equal to 4 gangs 
of rivetters; each gang being composed of 3 men and a 
boy. In doing plain straight work, 1,500 rivets a day, of 
10 hours, can be put in. The rivets are heated in a small air 
furnace, as at the Britannia bridge. It was found impossible 
to close the IJ-inch rivets, in a satisfactory manner, by hand. 
A head was indeed formed, but the body of the rivet remained 
quite loose in the hole. In rivetting by pressure the iron is 
forced into all the inequalities of the holes ; in proof of which it 
is found that nearly one-half more iron is required to make an 
ordinary J-inch rivet head by pressure than by hand. The 
specimen of rivetting on the table, two rows of which were 
done by this machine, and two rows by hand, at once show 
this difference. 

The girders were all tested by laying on the specified 
weight of pig iron, before they left the contractors' yard. To 
facilitate this operation, two pieces of 12 x4-inch plank, of a 
length equal to the span, were laid on the ground, the pig iron 
was piled on them, and the beam to be tested being laid on 
blocks, a few inches higher than the load, the weight was 
lifted on by means of |-inch screws, passing in pairs through 
cross-heads resting on the beam, into the planks below. 
These screws were so spaced that a cross-head rested over 
every intersection of the lattices with the flanges. As soon as 
a beam was tested, the rods were unscrewed, the cross-heads 
removed and the girder lifted out, without disturbing the load 
or screws, which were thus ready for the next beam. The 
deflections were taken by means of a fine line fastened at one 
end of the beam, and stretched by a weight, after passing over 
a delicately made pully at the other. The deflections were 
very regular and call for no special notice. The mean of the 
inner large beams was O&H" that of the inner small ones 0-39". 
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The time occupied in testing did not exceed a quarter of aa 
hour. 

In testing isolated beams of this description, the author has 
observed that, in consequence of the strain in the tension, and 
compression lattices not passing exactly through the centre of 
the beam, but in planes at a short distance from, though 
parallel to eacK other, a considerable tendency to twist is 
apparent, rendering it necessary to support the ends of the 
beam, on opposite corners, on the tension side. This 
circumstance renders it very important, in isolated beams, to 
divide the compression bars and make the tension diagonals 
pass between them. In some small beams, recently made 
for the Royal Canal bridge, on the Dublin and Drogheda 
Railway, which were tested to 10 tons to the square inch, 
this twisting was so great that the load could not be laid on 
without fixing temporary hard wood pillars between the 
flanges over the abutments. 

The specification originally provided that the iron-work 
was to receive two coats of oil paint ; this, however, was 
given up in favour of a hot bath of coal tar, which waa 
administered in tlie following manner: — Under the large 
travelling crane at the Dublin terminus, a cast iron tank — 
53 feet long, 2 feet 6 inches wide, and 5 feet deep — was 
erected and filled with coal tar ; under one end waa placed a 
small furnace, with the fine running under and all round the 
tank, to a chimney at the other end. As fast as the beams 
were delivered, the travelling crane deposited them, one at a 
time, in the tank, to simmer as long as the demand for them 
would admit; some, one hour; some, two days. When drawn 
out, they were allowed to drain for a short time previous to 
loading on the waggons. It is hardly necessary to state that 
this treatment ensured a most perfect coating of tar. 

The beams having been lowered into their places by 
the travelling cranes on the bridge, were connected by 
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horizontal and vertical cross-bracing. Tlie former is co: 
posed of 8 bars, of 5" X^" flat iron in each space, running at 
right angles to the beams, and rivetted under and over the 
bottom and top flanges. In the same plane with these, and 
secured in the same way, are the diagonal ties of 3" X ^" iron. 

The vertical bracing is formed of 5"x2"xV' -L iron 
diagonals, 4 sets to each span, rivetted to the inner sides of 
the flanges, directly under the o"xi/' flat bars, their ends 
being tnisted and cranked, so as to admit their crossing each 
other and being rivetted back to back at their intersections. — 
(Plate III., Figs. 2, 4.) 

The provisions for expansion in a bridge of tliis length, with 
slight piers, based on an uncertain foundation, was matter of 
anxious consideration, the more so, as the viaduct is on a 
gradient of 1 in 832 ; and it was feared that there might be a 
tendency in the whole bridge to work down to the lower end. 
To guard against this, Mr. Harty contrived a most ingenious 
and simple expansion apparatus. — (Plate III., Figs. 7, 8.) 
On every other pier, as already stated, the beams rested 
directly on metal wall-plates, but on the intermediate piers, 
their free ends were capable of motion on 2-inch metal rollers, 
arranged in wrought-iron roller frames. Furthermore, the 
ends of the bottom flanges were cut away on opposite sides, 
80 as to pass each other, and were connected by pairs of short 
links, rocking on a centre pin secured in the wall-plate. By 
this arrangement the beams, though free to move, are yet 
secured to the piers, and the relative position of the two 
cannot alter. The author is not aware of a similar con- 
trivance ever having been adopted before. 

The maximum expansion of the Britannia bridge, 1,510 feet 
long, is 6| inches, an that the Malahide Viaduct may expand 
2*4 inches, or 0*4 inches on each expansion pier ; considering, 
however, that the beams are very near the sea, and protected 
from extreme heat and cold by the timber sheeting, the actual 
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amount of motion is not likely to exceed the half of that 
stated. 

An inquiry of great practical interest, though, perhaps, not 
directly connected with the subject of this paper, is the 
relation between the theoretical and actual weight of beams, 
the relative quantity of material necessary to the flanges and 
webs respectively, and the amount of economy to be effected 
by reducing the flanges and webs in proportion to the strains. 

With a view to illustrating this more clearly, Tables 
and IV. have been constructed. 



TABLE ni. 
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Actonl Welgbl 


Actnol Wclgh^ 

aednMUiH for 

Corrosion 


TliMreliffllWdeM 

otBaiui,tol.r«k 

under 1 limM 

nurklDg load 


Top Flan^, ... 
CoiDpressiou Lattices, 
Tension Lattieea, 
Bottom Fknga, 


lbs. 
3,805 
1,4731 
1,200 / 
3,805 

1,309 


3282 

2306 
32'82 
11-29 


lbs. 
3,003 

l,f45| 
874f 
3,003 

1,309 


3217 
2ie3 
32 17 

U-02 


lbs. 

1,745 
767) 
265/ 

1,438 


41-40 
21'4S 
3411 


11,592 


10000 


9,334 


100-00 


4,215 


100-00 





Actuul Jieiim, Icsa nllownnce 


— 1 


Secliuu 


^'^" 


Puceat 


sScti™ 


Si 


Pcnxiot 


Top Flange, . 
Compression Lattice, 
Tension Lattice, 
Bottom Flange, 


3,859 
1,456 
1,193 
3,858 


3,003 
1,145) 
874/ 
3,003 


77-8 
76-07 
77-8 


2,619 

2,387 

801 

2,135 


1,745 
7671 
205/ 

1,438 


ES'GS 
3237 

67-3S 


10,370 


8,025 


77-3 


7,U42 


4,215 


.3. 



In Table No. HI. it appears that in the beam as it now 
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; equal, 



thirds the weight of the whole beam ; the remaining one-third 
heing taken up hy the web, packmgB, rivet-heads, and joint- 
plates. The same proportion holds good when the ^inch of 
surface allowed for corrosion has been deducted ; but the 
packings, &c., which at present are 1 1^ per cent, of weight of 
the whole beam, becomes 14 per cent-, as might be expected, 
since their weight is very slightly affected by the deduction. 
In the last two columns of the table are the weight of a beam 
supposed to be cut out of solid iron, with every portion 
accurately proportioned to the strain, which in the top flange 
is taken at 4 tons to the inch ; in the bottom and tension 
lattices, at 5 tons ; and in the compression bars to one-fourth 

the breaking load, by the formula w='2l5 -.* 

The flanges in this ease absorb three quarters of the weight; 
the lattice-bars only one-fourth. The quantity of iron sacrificed 
to compensate for corrosion is a little over a ton per beam, 
representing about £76S in the entire bridge; whereas, the 
nnaroidable waste of iron In overlaps, packings, joint-plates, 
rivet-heads, exclusive of the ton above noticed, is nearly 

46 cwt., more than 46 per cent. 

Table No. IV. gives a comparative view of the amount of 
saving eff'ected by reducing the flanges towards the ends, and 
the webs towards the centre. Thus, in -the beam, as it now 
stands, there is a saving of 22 per cent, in the ilaiiges, and 
24 per cent, in the web, being a saving of nearly 23 per cent, 
in the whole heam; whereas, in the theoretical beam there 
appears a saving of 33^ per cent, in the top flange, nearly 
33 per cent, in the bottom, and 68 per cent, in the web, and 

47 per cent, in the whole beam. As regards the flanges, in 
this case, the saving is what may be inferred without 

• The constant 215 is obtained from those burs crushed by E. Hodg- 
Idneon, wltose scantlingfi wore ncareat to the sizes usod. 
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actual calculation, because it is well known that tl 
a parabola is two-tbirds tbat of the circumscribed rectangle; 
now, the flange of a uniformly loaded beam ought to vary in 
section as the ordinates of a parabola, consequently, its 
weight should be two-thirds that of a flange of uniform 
Eection throughout. It may then be assumed, without much 
error, that the flanges form, generally, two-thirds the weight 
of a beam, the diagonals and packings, &c., one-third; that 
in practice it is possible, generally, to save one-fourth the 
material, by carefully proportioning the several parts. 

In the large tubes of the Britannia bridge the weight of 
the top and bottom flanges is nearly equal, while the ^des 
are a little more than one-third the whole weight, viz. — 3T 
per cent. 

From these considerations it is very easy to arrive at a 
quick method of estimating the weight of any given girder. 
The sectional area at the centre of one flange being obtained, 
the weight per foot is known, one-fourth of this, at least, 
may be saved by proper arrangement of the materials, and the 
weight of the whole beam will be three times this result. 

The Board of Trade limit the strain on wrought iron to 
4 tons to the square inch, in compression, and 5 tons in 
tension ; this would make the bottom flanges of beams lighter 
than the top, were it not for the weakening elfects of rivet 
holes; it is, therefore, generally correct to make the bottom 
flange the same gross area as the top. By dividing the strain 
in tons, in the centre of a flange, by 4, we obtain the sectional 
area; multiplying this by 3^ lbs. the weight of an inch 
square bar, a foot long, we obtain the weight per foot of the 
flange; multiplying this into 3 we obtain the weight per foot 
of the beam, supposing its sections to be uniform ; and, finally, 
multiplying by |ths we get the average weight of a beam, 
the flanges and lattices of which are proportioned in some 
degree to the varying strains. If we assume the depth of a 
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beam to be 1 foot in 12-8 feet, a very good proportion, this 

formula becomes — 

Wxl28x3ix3x3 



Weight per foot 



3 



=3W. 



8x1x4x4 

Or, in other words, multiply the distributed load, in tons, a 
beam is required to carry, by 3, and the result is the weight 
in lbs. per foot of the beam. This rule will be found very 
useful in making rough estimates of bridges. 
The following is the weight of bridge : — 



72 Beams . . 
Cross-bracing .... 
Rollers and Frames 
Wall-plates and Joggles 


Per cent. 
100 

10-7 
1-2 
4-6 


Tons 

3(»7 

33 

3 

14 


Cwt. 

18 

1 

14 

8 


Qrs. 
3 
3 
2 
3 




359 


3 


3 



Tiie contract price for all the iron-work, including fixing 
beams in their places, and fitting in cross-bracing, but 
exclusive of carriage or placing the beams on the piers, 
was £6,000. 

The wages paid for men employed in erecting and fitting, 
bracing and expansion gear, amounted to £144, a little over 
8s. per ton. After the beams had been fixed in their places, 
they were prepared for the reception of the 4-inch sheeting, 
by levelling over the plates and rivets with longitudinal timber 
packings, made to fit closely on the top flange, recesses being 
cut for rivet-heads, joint-plates, &c. The planks were then laid 
across, in lengths generally equal to half the breadth of the 
bridgej with every seventh or eight plank running right across. 
Where the short pieces met in the middle of the 6-foot space 
their ends were secured by bars of 3 J" X V' A^t iron, placed 
over and under the joints, and connected by a few bolts. 

The sheeting was secured to the beams by means of hook- 
headed bolts catching the flanges. 

Memel Timber was first obtained by contract at Is. 



66 PICOCBEDINQS OP THE INSTITUTION 

I0|d, per cube foot, delivered at the terminus, 
4 inches thick, not less than 11 inches wide; but the 
quality and rate of delivery not proving satisfactory, Dantzic 
timber wa'* obtained from an eminent firm on the North Wall, 
at 2s. 6d. per cubic foot, the original contractor being at the 
estra expense incurred thereby. 

The longitudinal sleepers were secured by wood screws to 
the 4-inch sheeting, and the rails laid in the usual manner 
A simple post-and-rail handrail, on either side of the bridge, 
and a thin layer of clean gravel, to protect the timber from 
fire, completed the bridge. 

Mr. Harty's original estimate of the cost of reconstruction, 
was,£l2,181 9s., from which he deducted £300, the estimated 
value of old bridge, leaving £11,881 9s. as the sum to be 
expended. The actual outlay was £11,741 133. 3d., or £440 
less than the estimate. The cost of this bridge is, therefore, 
a little over £20 10s. per foot. There are about 66 yards 
cube in each pier; making, probably, about 750 cubic 
yards, rock ashlar work and cut stone copings. 

In order to ascertain the relative cost of the several parts 
of the bridge, and to separate those items, easily estimated, 
from the heavy contingent expenses, the following table has 
been arranged : — 

Eatiniated coat of Masonry in Piers and 

Abutments, ... ... ... il800 ... 20'l3perci 

Piece-work in prepariog Dams, Crane- 
roads, &c., ... ... ... 215 ... 2'4I „ 

Iron-work in Superstructure, as per 

Contract, .,, ... ... 0,000 ... 67-09 „ 

Timber Sheeting and Handrail, es 3s. 

per foot cube, ... ... ... 927 ... JO-37 „ 

£8,942 lOO'OO 

Miscellaneous Expenses, sncli as Cranes, 
Sidings, Switebes, Tools, Watcbmen, 
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In comparing the coat of this viaduct with other bridges, it 
will be necessary to bear in mind the large allowance made 
for corrosion, and the circumstance, that the two outer ranges 
of girders are strong enough in themselves to carry a third 
line of rails. 

In conclusion, it is necessary to explain that at the lime this 
paper was begun, Mr. Harty was not a member of this 
Institution; that, beyond being contractor for the iron-work, 
the author had nothing whatever to say to the design or 
execution of the works, he has merely undertaken to record 
what struck him as being a valuable example of Railway 
Engineering. 



PROFESSOR DOWNING, Vice-F resident, in the Chnir. 



Description, of a FiPTT-TOW Crane, erected at Belfast. 
By G. H, Strtpe, Esq., Member. 

The Crane about to be described is of the kind known as a 
rolling crane, and is built from the designs of George Smith, 
Esq., Engineer to the Belfast Harbour Commissioners — a 
somewhat similar one at Liverpool having served him as a 
rough model. It consists of a timber carriage mounted on 
nxteen wheels, running on four lines of rails, four wheels on 
each rail. — (Plate Vl.) At the outer end of the carriage is tt 
ptur of malleable iron jibs or shears, meeting together at the 
head, and supported by stays connected with the back end of 
the carriage. A pair of timber struts or spurs change the 
direction of the strain in the stays, and forms a portion of a 
system of bracing, giving steadiness to the whole. The 
hoisting gear is placed at the back end of the carriage, 
knd a winch in the middle of the length of the carriage 
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serves for traversing the crane backwards and forwards on t 
rails. 

The site selected for placing the Crane was on ground 
reclaimed from the lough, and the soil, being very soft, 
required peculiar care in making the founiiations. This was 
a part that came but little under the author's observation, 
but on his writing to Mr. Smith, he has kindly furnished 
the particulars. The length of the work at right angles 
with the quay front, is 105 feet, and the breadth is 8 feet 
6 inches for each pair of rails; the foundation for each 
railway being separate and distinct from the other, with a 
distance of 7 feet 4 inches between the stonework of the 
two. The ground, in the first instance, was excavated to a 
depth of about 6 feet for each line of foundation, and larch 
piles, 35 feet long, driven in each excavation in three parallel 
lines. — (Plate V.) The heads of the piles were cut off level, at 
a depth of 5 feet 8 inches below the surface of the quay, and 
on the top of each three piles was placed transversely a balk 
of larch, 9 inches by 9 Indies. On these balks were laid 
longitudinal planks of red pine, 4 inches thiuk, on which 
was built a thickness of 3 feet 3 inches of rabble masonry. 
Resting on this rubble work, and under each rail, is a line 
of cut stone, 1 foot 4 inches thick and 3 feet wide, on which 
the rails are fastened with oak treenails, the spaces between 
the stonework being filled in with the ordinary paving of 
the quay. The gauge of each railway is 5 feet, and the 
distance between the centres of the two lines 15 feet 10 
inches. 

The carriage of the crane is of pitch pine, 60 feet long 
and 19 feet 6 inches wide. There are four longitudinal 
pieces extending the whole length of the carriage, and a 
fifth, a central one, which does not extend the entire length, 
being divided near the centre to give space for the traversing 
winch. These timbers are 14 inches square. The transverse 
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tintbera are 11 in number, all of them, with the exception of 
the end ones, being 14 incbes by 9 inches, placed under the 
longitudinal timbers, to which they are secured by two bolts, 
1 inch diameter, ut each joint; these timbers are half lapped 
into each other, at every crossing, a depth of 1 inch. The 
end timbers are 14 inches square, and are fastened to the 
longitudinals by tenons and mortises. A pair of diagonal 
bolts, 2 inches in diameter, with strona; cast-iron washer 
plates, secures the whole framework from cross twisting. 

The railway wheels are sixteen in number, 4 feet in 
diameter, 7^ inches wide at the rim, and are cast with solid 
discs, 2 inches thick (Plate VII., Fig. 3), they run loose 
upon their axles, the naves being 10^ inches deep. The four 
front axles, those under the shears, having the greatest load 
to sustain, arc 7 inches diameter in the body, and 5^ inches 
diameter in the naves of the wheels ; the remaining four axles 
are 5^ inches in the body and 4^ inches in the wheels. All 
these axles arc keyed fast in cast-iron brackets, bolted to the 
longitudinal timbers of the carriage. 

The two transverse timbers of the carriage, at the frontend, 
and the portions of the longitudinals between them, are 
strengthened with additional pieces on the top, 10 inches 
deep, and on these are bolted a pair of strong castings, which 
carry the two shears or jibs and the two spurs. The length 
of the shears is 56 feet 9 inches from centre to centre ; the 
height of the centre of the head from the ground, 50 feet 
9 inches, and thu overhang clear of the carriage, 30 feet 
9 inches. Tbcy are made of boiler plate, ^-inch thick, 
in ten lengths of plate, the external diameter at the ends 
being 20 inches, and in the centre, .00 inches. In construct- 
ing these, the plates, after being bent to form, had the 
longitudinal edges planed, and were rivetted together with 
B^ps in the inside, 8 inches wide. The ends of each section 
vera then turned in the lathe, and rivetted together, with 
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int«riiul rings, 8 inches wide, covering tlie joints. The 
joints throughout are double rivetted, and the rivets c-ounter- 
8Unk on the outside, making a perfectly iair external surface. 
The ends of the shears enter into cast-iron sockets, 2 inches 
thick and 2 feet 1 inch deep, with a clear space of A 
inch around, which was filled up with rust cement, when 
the sockets were properly adjusted. The lower sockets have 
rule joints cast on tlieoi, which enter between corresponding 
joints cast on the plates carrying the shears, the joint pins 
being 4 inches diameter ; these pins, however, do not support 
the thrust of the shears, which is carried by the cylindrical 
portions of the rule joints, all the surfaces of which, where 
they come into contact, being accurately fitted together. As 
the shears at the bottom are separated from each other a 
distance of 15 feet 10 inches, a strong tendency to spread 
at the foot is produced; this is not allowed to be com- 
municated to the carriage, but is sustained by a tie-rod, 
2^ inches diameter, connecting the pins of the joints together, 
the union being effected by sockets and cotters. The sheave 
heads ( Plate V 1 1., Fig. 2) are cast with the upper sockets, and 
have strong side flanges, which were faced in the planing 
machine, and when bolted together form the connexion 
between the shears at the top. 

The spurs are made of greenheart ; their length between 
the centres is 3G feet 3 inches, their diameter at the middle 
15 inches, and at the ends 12 inches. They are fitted with 
cast-iron sockets, similarly to the shears, and the lower 
sockets have also rule joints connected to same plates as 
those of the shears. The upper sockets are not connected 
immediately together (Plate VII., Fig. 1) like the shears, but 
are placed at a distance apart of 9 feet 3 inches between 
their centres, and are joined by a tie-rod, 2J inches diameter, 
with sockets and cotters, as described for the lower end of the 
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A pair of ten si on- rods, 2^ inches diameter, connect the 
heads of the shears and spurs together, and two other pairs 
of tie-rods connect the spurs witli the hinder end of tiie 
carriage. These sustain the shears in position. Two other 
smaller pairs of tension-rods radiate from the heads of the 
spurs to different points in the shears, and from these points 
rise bars of T iron, with their 0[iper ends connected to 
articulated joints in the main tension-rods. The pairs of 
T iron stmts are stiffened laterally with diagonal bracing, 
and diagonal tension-rods placed between the spurs, also 
prevents lateral movement in them. It may he observed 
here that when the crane was first commenced upon, it was 
purposed to make the shears of timber, and the two pairs of 
tension-rods jtist described were essential in preventing the 
shears sinking in the middle by their own weight ; but by 
substituting iron for timber in their construction, they were 
found to be so rigid, that it is probable these tension-rods 
might have been omitted without detriment to the stability of 
the structure. This would have materially simplified the 
work, as it was found that getting the pins through so many 
eyes at the top of the spurs was a difficult operation. 

There are two sets of hoisting gear, the exact counterpart 
of each other. These are carried by three cheeks, boUed 
down to a cast-iron platform or sole at the back end of the 
carriage, the middle cheek being common to both sets of gear. 
The platform is 24 feet long, 12 feet 8 inches wide, and IJ 
inch thick, and is cast in four pieces, with strengthening 
ribs on the under side. It has also three sets of transverse 
trusses underneath, of malleable iron, which counteract the 
tendency to sink in the centre. 

The hoisting barrels are 3 feet 6 inches in diameter and 
4 feet 1 inches, long and are cast with a spiral groove in each 
to receive the vertical links of the chain. The barrels are 
bushed with brass at the ends, and run loose on the shaft. 



which pusses through both barrels, and serves also aa a stay 
lo connect the upper part of the three cheeks together. The 
main spur wheels are keyed on to the outer ends of the barrels. 
The particulars of the hoisting gear are as follows : — 
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2dU Wheel, 
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There are two of the pinions last in the table both working 
into the third wheel, and they are provided with separate 
ghafr^s and handles, the object being to enable a greater 
number of men to be employed in working the crane. The 
radius of the handles being 16 inches, the ratio of velocity 
between them and the barrels is 230 to I, and as the blocks 
increase the power fourfold, the ratio between the initial and 
final velocities is 920 to I. In cases where a quicker velocity 
is desirable, such as in taking up the slack of the chains, 
the handle can be put on the shaft of the second pinion, in 
which case the ratio of velocity is 138 to 1. There is a 
ratchet wheel and pawl on each of the shafts of the second 
wheel, by means of which, either set of the hoisting gear can 
be used singly, or the whole fixed when required, but no 
brake is employed. The chains between the barrels and the 
head of the shears is supported on three pairs of friction 
pullies, one pair of them carried by the spurs, and the others 
by the T iron struts. 

These pullies are free to move on end on their respective 
shafts, in obedience to the lateral movement of the chain as 
it becomes coiled on the barreU. In tracing the course of 
the chain it will be seen that, proceeding from one of the 
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barrels, it passes over the friction puliies nitd one of the 
sheaves of tlie jib, then under the travelling block, over 
the gin block, and again under the travelling block, from 
therjce it passe:) over the second sheave of the jib, and 
finally over the second set of friction puUies to the second 
hoisting barrel. Thus it is obvious that 8 men employed at 
one of the sets of hoisting gear, can raise as great a weight 
as sixteen men working both sets, but require twice the time 
to raise the weight through any given height. On each 
side of the sole of the hoisting gear, and resting on the frame 
of the carriage, is a flooring of cast plates on which the men 
stand in working the crane. The sheaves of the jibs are 
3 feet diameter, and those of the blocks 2 feet 2 inches 
diameter, they are all iinished in the lathe, and are formed 
with a groove in each, in which the vertical links of the chain 
lie. This produces less strain in the chain passing round the 
puliies, than if they were formed with the groove wide 
enough to receive the chain bodily, at the same time the 
chain is eifectively prevented from twisting. The hoisting 
chain is IJ inches diameter, short linked, and is 400 feet long; 
it was proved to 22 tons, being equivalent to a load of 88 
tons lifted. 

The traversing gear is carried by two cheeks bolted to two 
balks of timber secured to the transverse timbers of (he 
carriage near the centre of its length, the middle longitudinal 
timber being cut away at this place to make room for the 
gear. The barrel is 16 inches in diameter and 4 feet 6 inches 
long, and its axle is carried by a pair of cast-iron brackets 
boiled to the underside of the two balks just named, the same 
bolts holding down the cheeks of the winch and securing 
these also. The chain is ^ inch diameter, and after making 
three or four coils round the barrel, the ends are fastened 
to two cast-iron beams, bolted to the end stones of the 
foundation. 
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The wheels of the traverairiff winch are as follows:- 
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The final ratio of velocitlea is therefore 136 to 1, and it was 
foand that two men could readily traverse the crane to and fro 
with the load of 50 tons. 

In calculating the strains to which the various parts of the 
crane are subjected in carrying the maximum load, we must first 
consider the weight of the shears themselves, together with 
the parts immediately resting on them. This, when reduced 
to its equivalent effect suspended by the chain, is equal to 12 
tons. Adding this amount to the 50 tons to be lifted, we 
have 62 tons as the greatest load to be sustained vertically, 
which resolves itself into a force of lOT tons acting in the 
direction of the axle? of the shears. The smallest diameter of 
the shears is 20 inches e.-iternally, and 19 inches internally, 
the sectional area consequently is 30 i square inches, and 63^ 
divided by 30^, equal to IJ tons per inch, is the maximum 
compressive strain in them. 

The experiments of Mr. Hodgkinson show the ultimate 
crushing strength of malleable iron columns, such as these, to 
be about 12 tons per inch of section, hence these shears, with 
the maximum load suspended, are strained to about l-7th of 
their ultimate strength. 

The disposition of the blocks causes half the lifting weight 
to be sustained by the tengion rods and the other half by the 
chains ; but in addition to thU the tension rods have the dead 
weight of the shears to support, the total being *25+12z=37 
tons acting vertically. The resultant of this in the direction 
of the tension rods is equivalent to 38 tons, or 19 tons on each 
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rod. These rods are 2^ inches diameter, or 5 inches sectional 
area, and ^ equal to 3-8 tons per square inch, or about ^ of ' 

the breaking strain. 

In the act of lowering by the crane, that portion of the 
chain estending from the barrels to the shear head is relieved 
from a portion of the load equal Co the friction of the various 
pullies, and consequently the strain on the tension rods is 
increased by an equal amount- However, the surplus of 
strength possessed by the rods is amply sufScient to cover 
this, as well as any accidental jerk of a moderate character 
that may occur in using the crane. 

Although the section of iron in these rods was thus 
evidently sufficient for the purpose, still as there were many 
welds in them, it was highly important that the soundness of 
the whole should be ensured before leaving the works. In 
the absence of any regularly constructed apparatus for this 
object, the following method of proving the bars was 
adopted :— The tubular portions of the shears having been 
completed, one of them served as the basis of operations. A 
strong cast-iron disc was placed against the end of the tube, 
and a powerful screw, which happened to be on the premises, 
was passed through a ha!c in the centre of the disc, the nut 
of the screw resting in contact with the outside face of the 
disc. The portions of the tension rod about to be tested were 
placed inside the tube, one end being secured to the extremity 
of the tube farthest from the disc, and the other end of the rod 
connected to the screw by a piece of iron of a quality known 
to be capable of withstanding a teiisional strain of 24 tons to 
the inch. When all the connections were made, the nut was 
turned round with a long lever until the given piece of test 
iron was torn asunder, and aa its area at the point intended to 
be broken was 1^ inches, the rods were each subjected to a 
strain of about 36 tons, thus proving them to nearly twice the 
amount they have to bear with the maximum load. 
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In testing the crane when finisherf, a pile of rails, weighing, 1 


with the chains that bound them together, 5'i tons, was raised | 


15 feet higli from the ground, and 


after traversing the crane 


several times backwards and forwards, the load was left sus- 


pended for six hours; theresultwassatiafactory in every respect. 


The total weight of this crane is 


about 108 tons, of which, 


72 tons are cast iron, 22 tons, malleable iron, 2| cwt. brass, 


and 1 4 tons, timber. Messrs. John Rowan and Sons were the 


contractors, by whom this crane was 


constructed, and the cost, 1 


including some trifling extras, was about £1,650. The coat | 


of the foundation was about £800. 
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y Improvements in the Manufacture nf Peat Fuel.— 



By C. Ho 
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B are few subjects which have altracted more general 
attention in this country, or which iiave been pursued with so 
little success heretofore, as that of the utilization of peat on 
any large scale. The lant) is burdened with nearly three 
million acres of hog, wliich, by resisting the efforts of the 
cultivator and impeding local intercourse, go far to neutralize 
any recoupment derived from them in the shape of an inferior 
fuel, obtained in most seasons with difficulty. It is, therefore, 
but natural that many efforts should have been made to turn 
these barren wastes to some useful purpose, and consequently 
we find, from time to time, the philanthropist, the speculator, 
and the man of business, emulating each other in this pursuit. 
But one common enemy has hitherto baffled the efforts of all 
classes, rendering abortive the most ingenious contrivances for 
the solidification of peat into a compact fuel, ant! frustrating 
the most elaborate chemical processes for the development of 
its more valuable constituents. This grand obstacle to pro- 
gress is water, which is capable of being absorbed by peat in 
an almost incredible proportion, and of being retained with an 
obstinacy not easily o^'ercome. It is this property in peat 
whiL'h has hitherto bafBed so many efforts to convert it into a 
more available fuel. In the first place, it is esceedingiy 
difficult to deprive blacks of peat, however smail, of the 
contained water; and secondly, iis the water does evaporate 
to a certain extent, air replaces it, keeping the pores much 
distended, so that a bulky and nnportable substance results, 
which always contains from 20 to 30 per cent, of water. Few 
of those who have given their attention to this subject have 
appreciated the magnitude of this practical difficulty; very 
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many have even omitted to test thoroughly the average 
quantity of moisture in our peat bogs, and will not believe 
the reports of those who know from actual experience how 
much water the Irish peasant raises and spreads out upon the 
ground in order to obtain a ton of fuel. Even very lately a 
pamphlet appeared, on the strength of which it was intended 
to found a commercial undertaking, and which assumed as ita 
starting point a proportion of contained water, not more than 
one-fifth of that wliich actually exists. 

The following table gives the average of several hundred 
tests by careful evaporation, showing the quantity of water 
contained in peat in diiferent conditions of the bog, and in 
various stages of desiccation, under the ordinary metbod of 
cutting and air-drying. No attempt is made to distinguish 
between the light and dark-brown and black varieties of peat, 
as the quantity of water contained depends far more upon the 
its position and drainage in the bog, and upon tlie amount of 
drying which, when cut, it has received, than upon the 
ordinary difference of quality: — 

Tha general mass of undrained peat bogs, not 

including the edgea or the heathy surface, . from 92+ 8 to 93+ 5 
Bog ctigea and parts of bog, more or less drained, 

in the state in whicii poat is generally cut, . from 88+12 to 91+ 9 
Thin upper surface of a well-drained bog for about 

one inch deep, all vegetation heing cleared off, from 75+25 to 62+18 
Turf in the state in which it is usually "footed," 

or raised into small piles, . . . from 75+25 to BO+20 

Torf when ready to " clamp," or build iu larger 

piles, ...... from 50+50 to 60+40 

Turf ready to stack, .... from 25+75 to 35+65 

Torf as generally used, .... from 20+80 to 35+65 

Carefully stacked turf kept from six to twelve 

months in stack, . . . . from 18+82 to 20+80 

Turf well saved and kept in a dry house for 

about two yean, .... from 12+68 
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I thus be s. 



I that I 



< small obstncle lies in the 



way 



of those who would prepare peat for Imrning, by whatever 
method it be attempted; but those who have calculated or 
obtaining, by the common system, any considerable supply for 
commercial purposes, from a single district of bog, have been 
met by the peculiar practical difSeulty which besets this 
manufacture; for, when large quantities of common turf are 
required, contrary to the usual rule in other productions, which 
diminish in cost proportionably with an increased make, the 
price of peat per ton is found inevitably to increase directly 
its manufacture is stimulated beyond a certain very moderate 
limit. The cause of this is obvious ; the turf-cutter can only 
work round the edge of a bog, or upon occasional main drains; 
80 long as he wishes only to produce a small quantity from a 
given length of bank, he can himself spread the sods as he 
cuts them ; if, however, more is required, he must be attended 
by a wheeler, which at once doubles the cost, and where there 
is a belt of land of more than forty yards wide to be covered, 
two or more wheelers are necessary. The cost of again 
collecting the dried turf, and concentrating it at any given 
place, of course increases, jiari passu, with the increased cost of 
spreading. To give some idea of how much produce can be 
practically counted upon within a given district, it may be 
stated generally, that from 1,000 to 1,500 tons obtained from 
a line of turf-banks an English mile long, is a large yield for 
one whole year's operation, and that this can only be com- 
pletely prepared, brought down from the bog, and delivered 
at road or water-side at a cost of about 5s. per ton. If, bow- 
ever, a number of small farmers were to cut from the same 
mile of banks about half the above quantity, it would probably 
cost them about 3s. per ton similarly delivered. Wbereas, on 
the other hand, if it were desirable or even possible to obtain 
say 2,500 tons from the same locality, it could only be 
eSected at a cost of 7s. to 8s. per ton, and much of the peat 
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would only receive indifferent drying, from being necessaif 
carried back on to the interior of the bog. The truth of these 
observations was clearly and unfortunately demonstrated in 
the case of the late Irish Peat Company, who required at their 
works near Athy, a constant supply of fifty tons per day, or 
as much of that quantity as could possibly be obtained for the 
manufacture of oil, tar, paraffin, &e. Relying upon the 
statements of several writers, probably corroborated by their 
first experience of producing small quantities for experiments, 
they assumed that the common turf of ihe country (their raw 
material) would cost them 2a. 6d. to 33. per ton, but they soon 
found that cost increase to 5s., and long ere they hail secured 
even the minimum supply required to carry on the works ivith 
a prospect of commercial success, they found their average 
cost of peat to be from Cs. Cii. to 7s. per tun, and this increase 
of outlay, coupled with the downright impossibility of 
obtaining a much larger supply, were amongst the proximate 
causes of failure in that truly enterprising effort. Turning 
from this part of the subject, and admitting that peat manu- 
factured in the ordinary way is a cheap and useful domestic 
fuel for those who can cut it for themselves and use it on the 
spot, we come to the main object of this paper, viz., a 
discussion on the improvements attempted or introduced in 
the above manufacture. And here it will be advisable to 
recapitulate the obvious defects in common peat which 
require to be corrected, the properties wiiicb it is desirable to 
develope in it, and to state generally its constituents as a fuel 
when compared with coal and other combustibles, thus setting 
before us what has to be done in the matter, what kind of 
article we may hope to produce, and what will be its value. 
Common turf, independent of any difference in chemical con- 
stitution, has in itself, and in its mode of preparation, five 
main defects, which render it practically inferior to co; 
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The consumer never obtains it in a sufficiently dry state 
to give its fult effect in combustion. 

2. As from one-third to one-fourth parts by weight of the 
peat of commerce is simply water, the consumer is always 
obliged to pay carriage on one ton of water for every two or 
three tons of actual fuel he receives, this constitutes a dis- 
advantage quite distinct from that last named. 

3. It is so bulky and porous an article, that it is impossible 
to convey it as cheaply as coal, and for the same reason it 
requires much larger arrangements of fire-grate, &c., to 
produce a given effect than is required for the same with 
coal, and from its lightness, though capable of producing a 
very intense heat, it will not bear the stimulation of a 
powerful blast. 

4. The manufacture of common turf depends at all times 
upon favourable weather; its supply is, therefore, always 
precarious. 

5. From the circumstances already explained, it is impossible 
to obtain a large quantity of fuel — as much for instance, as 
would be extracted from a coal mine of very moderate capacity — 
from any one estate, or even considerable tract of bog. 

Thequalities, therefore, to be produced in an improved fuel 
from peat, so as to raise it as nearly as its chemical con- 
stitution will admit to the standard of coal, are as follows: — 

1. Perfect or nearly perfect dryness, so that all the sub- 
stance paid for by the consumer may be actual fuel, and not 
partly water, retarding combustion and increasing the cost of 
carriage. 

2. Density, if possible, equal to that of coal, so that it 
may rank equally with coal in capability of transport (a moat 
important quality), and also be a sufficiently compact fuel to 
be used with advantage in the same fire-grates generally in 
Ofle for coal. 



3. Hardness or tenacity, which, to a great extent accom^ 
pany density, enabling the fuel to be moved without much 
loss from abrasion, to be consumed in strong-blast furnaces, 
and to support, or possibly to support, the burden of metallic 
ores under reduction. 

4. Any improvement in the mode of manufacture must 
include the completion at least of the drying process by 
artificial means, or else perfect dryness can never be attained, 
nor can any amount of dryness be depended upon with 
certainty in this climate. 

5. Whatever method is adopted for natural drying previous 
to finishing by artificial means (it being impossible practically 
to dry from the primitive state artificaliy), it must be such as 
shall produce a partially dry substance in large quantities, 
without incurring an increase of cost in proportion to the 
increased demand for il. 

We now come to consider the cbemicaL constitution of peat, 
and its consequent theoretical value as compared with coal. 
Finding many discrepances in the various analyses ejctant, 
both of coal and peat, which probably arise as well from 
difference of manipulation as from the considerable variation 
in quality of each fuel, it is fair to take a mean analysis in 
in both cases. The following may be relied upon as represent- 
ing the general constituents of each substance : — 



Carbon 

Hydrogen 

Oxygen 



Carbon 
Hydroger 
Oiygen 
Nitrogen 
Aab . 



Comparing these analyses, it will be seen that almost t 
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only essential difference between the two fuels, regarded as 
calorific agents, is, that peat is deBcient of carbon by about 
one- fourth of the quantity contained in coal, its place being 
taken by oxygen; and as fuel in combustion can receive all 
the oxygen it requires from the atmosphere, it is manifest 
that any contained in the fuel cannot be taken as a portion of 
its value; of hydrogen, which is four times the value of carbon 
as a calorific agent, peat generally contains a little more than 
coal, but this excess cannot safely be counted upon, as a 
considerable portion must be supposed to combine with 
oxygen and forming water, to be partially lost as an effective 
agent. 

We must, therefore, look to the proportions of carbon in 
each as the best test of the relative value of the two fuels, 
and from this we arrive at the conclusion that the duty of 
perfectly dry peat ought to be two-thirds of average coal. 

And here it may be stated that this theoretical value is now 
found to be fully borne out in practice, for with compressed 
peat perfectly dry, two-thirds the duty of coal hM been 
repeatedly performed during the last twelve months. In two 
qualities of no small importance peat does excel coal; it 
contains very little or no sulphur, which is of great advantage 
to any metal exposed directly to the action of its flame, and 
in scarcely any variety does the ash vitrify — a defect in most 
coal which is productive of much trouble to the firemen, and 
considerable waste of grate bars. Relying on the excellence 
to which it thus seemed possible to bring peat fuel, when 
those disadvantages were overcome on the one hand, and 
these perfections attained on the other, many men have 
started with liigh hopes and eager anxiety to cany to a 
successful issue so desirable an enterprise ; and so far as the 
actual physical possibility of the matter, many have succeeded. 
But unfortunately in these degenerate days physical possibility 
is of no use whatever, unless it be accompanied by the far 



more important qualification of financial possibility. It is an 
easy and pleasing; pursuit to try what good things can be 
made out of comparatively worthless materials, but it only 
becomes a useful pursuit to the operator, and to mankind in 
general, when the "good iliiogs" are intrinsically more 
valuable to humanity than the labour and material which 
have produced them 

Many have made beautiful and compact specimeng of peat 
fuel, have produced charcoal from it, have made moulded 
ornamental articles with it, and converted the spongy mass 
into a tine lubricating oil, clear white paraffin, and gas of 
high illuminating power; but how many have fulfilled the one 
common-place little condition of "making it pay?" As has 
been before stated, the one obstacle to the fulfilment of this 
little condition is^water ; and this paper would never have 
been written were it not that there has lately been developed, 
and put into operation, a method of preparatory desiccation 
which, leaving five-sixths of the water behind in the bog, 
actually in situ, enables the operator to obtain, with much 
rapidity, a substance or raw material for future operations, 
consisting of very nearly equal parts of peat and water, instead 
of laboriously cutting and moving nine or ten tons of dead 
weight to obtain the material for one ton of real fuel. The 
discovery of this new process, coupled with progressive im- 
provement in compressing machinery, have brought the 
hitherto experimental work at Derrylea, near Monasterevan, 
to a point of efficiency which leaves no further doubt as to 
the possibility of producing a dry peat fuel with reasonable 
profit, and on such a scale as, when generally adopted, cannot 
fail to prove of benefit to the country at large. Before pro- 
ceeding to describe, in detail, the process now in operation, 
we will trace some of the different methods which have 
heretofore been tried for the drying and consolidation of peat. 
To attempt a history of them all, would be unnecessary and 
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wearisome, and present a retrospect not by any means 
encouraging. 

In many parts of Ireland, where even turf fuel la scarce, the 
peasantry make for themselves an article called "hand turf," 
which is formed by working the wet substance into a pulpy 
mass with the feet and hands, and afterwards cutting it into 
squares, as it lies like paste on the ground ; these, when they 
attain a certain consistency, are repeatedly turned over and 
piled in heaps, and, when tolerably hard, are stacked for winter. 
This mode produces a fuel rather more dense and compact 
than common turf, but it is esceedinjfly costly, and no large 
quantity could be made. In Holland and Holstein, where 
fuel is very dear, and the peat bogs are often fonnd totally 
submerged, a process somewhat similar is carried on ; the peat 
is scraped up with perforated scoops, which allow the water 
partially to drain off; having been spread on a flat piece of 
ground it is then trodden out by oxen or men, and afterwards 
moulded, aa we should common bricks. These are placed to 
dry on hard sloping ground, or woorlen trays, and afterwards 
piled; but this operation will only pay where fuel la exceed- 
ingly scarce, and the climate tolerably dry. 

An improvement on both these methods is now being 
attempted in Ireland ; the wet peat is passed through a kind 
of conical colander, made of perforated zinc, or other metal — 
this accomplishes the mashing process very completely, and 
strfuns off any sticks or rough particles, leaving the fuel, when 
afterwards dried, of a very fine and close texture. An ordinary 
biick machine forms the strained mass into blocks, which it is 
proposed to dry by exposure to the atmosphere, or by artificial 
means; but the manufacture is not yet carried on on any 
extensive scale. Specimens, however, which have been 
carefully dried seem very compact, and peculiarly adapted for 
making peat, charcoal, or coke, of a more than ordinary 
tenacity . 
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The three foregoing methods have equally the d 
of dealing with, ami frequently handling eight, nine, or ten 
tons of substance, for the production of one ton of fuel, and of 
occupying either immense time and space for air-drying, or 
burning a large, perhaps ruinously large quantity of fuel to 
attain an artificial desiccation. Indeed so varied have been 
the attempts to dry peat altogether by artificial means, that 
its impossibility may be taken as an axiom. Containing, as 
usually cut with the slane, about eight or nine parts water to 
one of peat, it is difficult to conceive how artificial heat, or 
currents of air sufficient to evaporate eight or nine tons of 
water, could possibly be obtained by the combustion of one 
ton of peat fuel, without even expecting any portion of the 
ton to be saved for sale. Such evaporative duty as one to 
eight or nine is considered very good, when the best coais are 
burnt in the furnaces of well-constructed boilers; and although 
a closed boiler is probably not the best Instrument for evapo- 
rating a large quantity of water econmieally, yet the fact that 
in peat the water is intimately mixed with an extremely non- 
conducting substance, renders it probable that in this condition 
it is even more difficult to efi'ect evaporation than in a closed 
boiler, where the water is left free to the action of the natural 
currents produced by heat. Whilst experiencing the difficulty 
of obtaining a large supply of dry common peat, the Irish 
Peat Company erected two very large drying-houses similar 
to those used on the Continent for wood {which, however, 
when cut, is nearly as dry as air-dried peat). These houses 
were 150 feet long, 20 feet wide, and 10 feet high, and cost a 
very large sum of money; they were fitted with furnaces and 
long flues, and very ingenious arrangements were made to 
ensure constant currents of air, at one time even a fan blast 
being used. They were maintained at a temperature of from 
100 to 120 ; and the peat, cut in ordinary sods, was introduced 
in lattice waggons, which allowed the air free access; but 
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■ protracted trials, and the consumption of much more 
fiiel than could possibly be dried, the attempt with wet peat 
was abandoned, and others made with partially dry peat ; but 
in no case was even a shadow of advantage gained, and the 
experiment went only to show that a considerable elevation of 
temperature, though combined with good artificial currents, 
will not compensate for the disadvantages of massing large 
qnantities of peat together ; thus hindering each portion 
from giving forth its moisture freely to the unsaturated atmos- 
phere. 

The person who first attempted to expel the water from 
peat by pressure was Mr. Wye Williams, wlio made an 
extended experiment with this view at Cappogue many years 
ago ; he succeeded by hydraulic pressure in reducing wet peal 
to half its original weight and one-third its original volume, 
but the remaining water was so closely incorporated with the 
peat that very little time was saved in drying, and the blocks 
expanded a good deal during desiccation, so as not to be much 
more dense than common turf. This attempt was lately 
repeated on a very considerable scale at the Irish Peat Com- 
pany's works, but with precisely similar results. The idea of 
drying peat in the ordinary manner, pulverizing it, driving off 
the remaining water from the powder, and then compressing it, 
appears to have originated twelve or fourteen years ago, with 
several persons about the same time, for there are not a 
few defunct patents on the subject, but their authors all appear 
to have had the idea that the peat-powder must be hot, and 
that the combination effected under pressure was to be pro- 
longed by some oily development in the peat itself, due to the 
heated state in which it was to be fed into the mould, and 
perhaps a more mistaken or troublesome delusion never ham- 
peredarealiy valuable principle. A few blocks of thisdry, hot, 
compressed peat were produced by hydraulic or screw pressure 
about this time (i. e. previous to 1850), and having a high 



density, and burning exceedingly well in consequence of their 
perfect dryness, it became a question faow such were to be 
produced in quantity, for hydraulic pressure was clearly too 
slow iu action to be of practical use; variations of the lever 
and eccentric principle were therefore tried, and, by moving 
them very slowly, some tolerably good blocks were formed 
but an attempt to drive any of them at a " paying" speed 
generally resulted in a fracture, and if not, the blocks were 
found to swell again and become too brittle for carriage. A 
machine of this kind was placed in the Dublin Exhibition in 
1853, and another was set up at a bog in Kerry at about the 
same time, but never was brought into steady operation, 
probably from the same cause ; it was constructed with a lever 
actuated by a cam, and was arrested for two or three seconds 
during the formation of each block. A machine was next 
constructed by Gwyiie and Son, for Mr. Hodgson, and erected 
in Galway in 185-J, but this also was ultimately abandoned 
from constant failure in the different parts. All these machines 
suffered from two manifest defects, they were complicated with 
motions for filling and discharging the mould, in which the 
pressure was applied, besides the main motion for compression, 
and when driven at any speed exceeding five or six blows per 
minute, they failed to produce the desired effect, because the 
continuance of the pressure became then quite too transitory. 
But had success attended any of these machines, bad any of 
them produced so much as two or three tons of fuel as dense 
and as portable as coal, the real difBculty of the actual manu- 
£icture would only then have commenced, for no provision had 
yet been made to supply these machines with dry powder of 
peat in any paying quantity. It was soon seen that to depend 
on making arid grinding up common peat in this country 
would never answer, both on account of the small suply to be 
obt^ned in any locality, and because even that supply would 
cost too much to leave a profit on the manufacture. 
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I patent has lately been taken out for compressing peat, 
dry and cold, in a machine consisting simply of a horizontal 
reciprocating ram, working into a tube or cylinder of perfectly 
uniform bore, very much resembling a cannon with open breach 
like the Armstrong gun ; into this tube the peat powder fatla 
as the ram draws back at each stroke, and very shortly filling 
the whole length, a considerable friction begins to take place 
against the sides of the tube; this soon increases to such an 
estent that as each charge falls in it is consolidated perfectly, 
between the advancing ram and the column of peat in the 
tube, before the frictioual resistance of this column is overcome, 
and the whole mass moves on. Thus, simultaneously, a block 
is formed at the breach end, and one made, perhaps, a moment 
before drops out at the further extremity. 

This machine combines the advantages of requiring no feed 
and delivery motion ; of retaining each block fast in the tube 
(which is about five feet long), for more than a minute; whilst, 
at the same time, it delivers them at the rate of sLxty per 
minute, making, for one tube, about fifteen cwt. per hour. It 
is now at work at Derrylea, and is certainly the first machine 
which has, in the United Kingdom, produced several hundred 
tons of peat fuel of a density equal to coal. To supply this 
machine with dry material now became the grand difficulty, 
but here a fortunate discovery removed almost all difficntiy at 
one stroke; it was discovered, during last year, that by harrow- 
ing over the surface of the bogs, a powdered peat four times 
as dry as the general mass, would be obtainable cheaply 
and in any desired quantity. Operating only on the upper 
structure of the bog and removing a thin layer by two or three 
successive harrowings and scrapings, each day, the great bulk 
of the water is never encountered at all, but sinks gradually 
away, day by day, to the drainage. This operation may be 
carried on at any season of the year, on every day not actually 
rainy, but, of course, it proceeds more advantageously in 
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Summer, when large stores of the powder or mull are collet 
and heaped in embankments, which are found not to reabsorb 
water. The average proportion of water is about fifty-five per 
cent., and the material, when collected, costs about 5d. per 
ton; a few hours are allowed to intervene between the 
harrowing and scraping, so that the air may assist in drying 
out the thin stratum exposed to Jt. 

The complete desiccation of this powder is easily effected 
by passing it over extensive plates of iron, heated by the 
waste steam from the compressing engine, and it is then fit 
for being compressed. By this mode peat standing in its 
primitive bog in the morning is harrowed, scraped, brought 
in, dried on the steam surface, compressed, and before night 
fails as a complete and excellent fuel into the canal boat which 
conveys it to market. 



[Majli, 18S2,] 

M. B. MULLINS, Esq., Vice-PreBident, in the Chair. 

On the Action of Sba-watbe on Lime Mortar. — By 
Bendon B. Stosey, B.A., Hon. Secretary. 

Last year several breaches were made by storms in the 
retaining wall which supports the north side of the causeway 
between Bingsend and the Pigeon-House Fort. The heart 
of the wall facing the Liffey was thus exposed, and proved to 
be built of calpe rubble stone, with the mortar for the most 
part washed out from between the stones, so that the wall, 
which was originally, no doubt, composed of ordinary rubble, 
was reduced to the condition of a dry wall, and, therefore, 
quite unfit to resist the impinging action of tlie waves. The 
little mortar which still remained was for the greater part 
reduced to the state of soft putty, which, when dried in the 
house, became friable, without having the bond of ordinary 
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mortar. Along with this soft putty was found a smaller 
quantity of good ordinary mortar, forming in some cases a 
hard core, imbedded in the softer mass, but generally 
occurring by Itself, in consequence of the softer material 
having been washed away. 

These effects were confined to that part of the wall below 
high water line, the mortar above resembling ordinary 
mortar. 

Amongst other valuable information relating to the Har- 
bour of Dublin, contained in the Historical Sketch of Engi- 
neering in Ireland," by our Into President, M. B. MuUius, 
Esq., we find that this wall was commenced in the year 1748. 
It is, therefore, about a century old, and a grave considera- 
tion arises, namely, how much dependence can be placed in 
lime mortar in similar positions, that is, when exposed to the 
action of salt water, if its duration is to be limited to a 
century, or if it depends on conditions of which we have but 
little knowledge, and which are consequently beyond our 
control. It is a well-known fact that the purer limes, when 
in contact with sea water for a lengthened period, are liable 
to an alteration of their chemical constituents, the salts of 
magnesia replacing those of lime. In conne,\ion with this 
subject Mr. G. Burnell states, in his Rudimentari/ Trealiie 
on Limes, p. 55, that " Vicat studied the causes of these 
^lures (artificial pozzolanos), and was led by them to some 
conclusions which may probably explain, not only the dis- 
integration of the limes, but also the destruction of some of 
the building stones by sea-water. He found in the sea-water 
a very considerable portion of hydrochloride of magnesia, and 
he proceeded to experiment upon its action upon the hydrates 
and imperfect carbonates of lime. He found that in a simple 
■olution of the hydrochloride, the particles which were already 
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in a state of perfect carbonization remained intact; but that 
the particles, which were simply in the state of hydrates, passed 
into that of a soluble hydrochloride, and that the magnesia 
was introduced into the mass and disseminated throughout 
the whole tissue. It there quickly passed to the state of a 
carbonate, with the greater facility when any carbonic acid 
gas was present. From thia Vicat was led to think that the 
imperfectly carbonated parts of the cements, whose failure led 
to the investigation, must have taken up the magnesia from 
the sea-water, and passed to hydro-carbonates of lime and 
magnesia, similar to the dolomites, whose formation may, 
perhaps, he accounted for in like manner. This would, of 
course, be accompanied by a mode of crystallization different 
from that of the ordinary carbonate of lime, leading, doubt- 
lessly, to the disintegration of the whole mass." Mr. Bumell 
further adds — "The engineer charged with the direction of 
the works at Rochfort told me that, besides taking up the 
magnesia, and passing to the state of a carbonate of lime and 
magnesia, the mortars at Fort Boyard contained crystals of 
sulphate of lims. Now, as the sea-water does contain a con- 
siderable portion of the sulphate of magnesia, it is very 
probable that the lime may have absorbed the sulphuric acid 
thus presented, and given rise to the new combination, which, 
in its turn, must have contributed to destroy the cohesion of 
the whole body, for the tendency of the sulphate of lime in 
crystallizing is known to be e.\pansive." 

Having mentioned the condition of the Pigeon-House- 
road wall to Professor Apjohn. he very kindly offered to 
analyze specimens of the mortar, of which two were accord- 
ingly selected. The first, taken between high and low 
water, was quite disintegrated and damp, and had the con- 
sistency of fresh-made putty. The second specimen was 
taken from above high water, and had the usual consistency 
of good ordinary mortar. 
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e following are the results of the analysis:- 
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On this analysis Dr. Apjohn observes, " with a view to 
the hydraulic quality of a lime, what is of most importance 
is the amount of soluble silicic acid, for the induration of the 
mortar depends upon tbe presence of the silicate of lime 
which it must of necessity form. The quantity of soluble 
ftilicic acid in the two mortars is not far from, being the same; 
but, Id No. 2, there is associated with the silicic acid 12 per 
cent, of lime with a little magnesia, whereas in No. 1 the 
relative proportion of the bases is reversed, and we have 10'89 
per cent, of magnesia and but 2o of lime. Such being the 
case, there is no difficulty in understanding the cause of the 
disintegration which has occurred to No. 1. Sea-water 
abounds in chloride of magnesium, which is, in fact, the salt 
next is abundance to the chloride of sodium. This chloride 
of magnesium has, by double decomposition, gradually con- 
verted the silicate of lime into chloride of calcium and silicate 
of magnesia, tbe former of which has been washed away 
because of its exceeding solubility in water, while the silicate 
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of magaesia remaina in a loose state in the disintegrated 
mortur. This theory is confirmed by the fact, that the ratio 
of the number of the atoms of silicic acid to the sum of the 
number of the atoms of the two bases is the Rame in the two 
mortars. In No. 2, for example, the empirical formula is 
5-3 RO+SiOj, and in No. 1, it is 525 RO + S.Og." 

With reference to the sulphate of lime, of which we have 
8-33 per cent, in No. 2, and only 3'68 per cent, in No. 1, 
Dr. Apjohn observes— 

" The total lime in the two mortars, when first made, must, 
I find, have been, in 

No. 1, . . . . 25-82 
No. 2 29-8T 

Into this statement the lime of the sulphate of lime is intro- 
duced, for there can be no doubt that this salt was produced 
by the action of the lime of the mortar upon the epsom salt 
present in sea- water." 

We thus see that Professor Apjohn's analysis of the Dublia 
mortar corroborates, in a very satisfactory manner, Vicat's 
theory of the action of sea-water on lime. 

It will, further, be interesting to compare the composition 
of the Pigeou- House-road lime with that of the lias lime- 
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* See VoL avii., p. 411, I'roceedings of Institution of Civil Engineer). 
t See Vicat on Mortart and CemerUt, trsiwlat«d bv Capt. Smith, p. W 
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Stones of Lyme Regis and Abertbaw, the natural cement 
stone found at Sheppey and Harwich, near London, from 
which the well-known Roman cement is made, and Portland 
cement formed artificially of chalk and clay. 

Owing to the Pigeon-House-road lime being mixed up with 
sand to form mortar, we cannot arrive at the composition of 
the original limestone with the same accuracy as in the fore- 
going tables ; but if we omit the sand, peroxide of iron, and 
alumina, moat of the latter two of which was probably intro- 
duced into the mortar along with the sand, we may conclude, 
from Analysis 2, that the proportion of silica to carbonate of 
lime, in the original stone, did not exceed the following: — 
Carbonate of lime, .... 93' 

. —- ■ ■■ 

Id 
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n the stone from Lyme Regis we have the clay and lime 
in the proportion of 1 to 4'5; in the Abertliaw, 1 to 7"5; in 
the Roman cement stone, 1 to 2*7 ; in Portland cement, 
1 to 2'2 ; and in the Dublin limestone, not more than 
1 to 13-3. ■ Hence we may conclude that the latter is only 
moderately hydraulic, and the action of salt-water on it is 
an additional fact in confirmation of the statement that 
none but eminently hydraulic limes are suited for marine 
• See Pampldet on Portlmul Cemeut, manu/aclured bg Kjiight, Bevan, and 
Shii^e, London. 
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masonry; and iJF, as there is som6 reason to believe, the 
hydraulic properties of the lias, and similar limes, be due 
to the formation of the silicates of both lime and alumina in 
the mortar made of them, then Portland cement, of which the 
silica and alumina form so' much larger a proportion, ought, 
a fortioriy to make a permanent sea mortar. 

Mortar made of the rich or slightly hydraulic limes may 
appear, as in Algiers, Cherbourg, Dublin, and elsewhere, to 
set hard at first, and present the appearance of strong mortar ; 
but, as far as our present experience goes, their disintegration 
in sea-water seems merely a process of time ; in some cases, 
three or four years, in others, as in the present instance, a 
much longer period elapsed before failure took plaoe. 
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[lOtli December, 186S.] 

PROFESSOR DOWNING, C.E., LL.D., in tiie"T 

On the Seclaimed Lands at Wexfoed Habbovb, 1 
the Machineht Employed in Deaining Them, — By 
William Anderson, Eeq., Member. 

The harbour of Wexford, formed by the estuary of the 
Slaney, is remarkable for the extensive mud banks or "alobs" — 
submerged at high water only — which encumber it. tJpw^rda 
of 4,600 acres of these have already been rechiimed, aod 
promise to become valuable property. 

The idea of abutting out the sea from the shoals or Blobs 
dates from a very early period; but to J. E. Redmond, Esq., 
M.P. is due the honour of organizing the first comprehenave 
scheme which, with the co-operation of William Dargan, Esq., 
Sir Edward Grogan, M.P., the late J. Maher, Esq., and 
others, has since been successfully carried out. 

In 1846 an Act was obtained for constructing five embank- 
ments, with the view of enclosing nearly all the mud banks, 
and confining the waters of the Slaney in nan-ower bounds, 
so that the iucreaaed scour, assisted by dredging, might create 
a permanent deep channel. 

James B. Fairell, Esq., who waa appointed the Harbour 
Improvement Company's Engineer, at once commenced the 
works on the north side (See Map, Plate IX.) by constructing 
an embankment, bc^nning close to the pubhc road near the 
ruins of Ardcavan Church, and running straight for 1,600 
yards to Big leland, and thence curving slightly to the south- 
ward 1,830 yards, to the Eaven Point, which is the southern 
extremity of the range of sand-hills forming the easte 
boimdary of the reclamation. 
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these sand-Mllt 



worthy of notice that in the Admiralty Chart of 1640 
marked ' 






shoals ' 



jigerous t 

and the main entrance into the hitrhour appears to have been 
at Curacloe, through the Begem Channel, over what now are 
fertile corn fields. A cross section of the embankment is ^ven 
(Plate X., Tig. 1); its total length is 3,430 yds.; the crest, 
Whichis 6 ft. wide, riaea 13 ft. 6 in. above low water at spring 
Hde; the slopes are 1^ to 1 on the sea, and 1 to 1 on the land 
mde, the former b^ng protected by stone pitching. A road 
18 ft., and drain 4 ft. wide, are carried along the base on the 
land side. The materials used were clay and marl, brought from 
Big Island and Ardcavan, entirely by cart and boat labour, 
without the intei-vcntion of a contractor. In 1849 M. E. 
Talbot, Esq., C.E., was appointed Resident Engineer. Under 
him the embankment was finished, and a catchment drain, 4^ 
miles long, about 4 ft. deep, and 10 ft. wide at the bottom, was 
constructed, to intercept the waters of the main land which it 
skirts, preserving a dead level. It is strongly embanked on 
the side of the reclaimed land, and discharges all its waters 
through . tidal gates into the harbour, the sand hills at its 
eastern extremity precluding a division of the outfall. It serves 
to carry off the watershed of 2,133 acres, and is made of 
uniform width throughout, iu order tliat it might act bb a 
reservoir during such times as the outfall was prevented by 
high water. The result of these operations is the reclamation 
of 2,220 acres of excellent land, added to which are 155 acres 
in what once were islands, and 114 acres of old navigable 
channels; making a total area of 2,489 acres enclosed. As 
soon as the embankment was completed, the dredging of the 
channel, on the places indicated on the map, was pushed on 
vigorously for two years, with favourable results, till, in 1852, 
the Harbour Improvement Company, finding that they had 
undertaken more than their means would enable them to 
perform, obtained an Act by which they became the Wexford 
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Harbour Embankment Company, \rith powers limited to the 
reclamation of land; thej were released from their engage- 
ments relating to the harbour, in consideration of £20,000, to 
be paid in instalments to the Amiraltj, who undertook to 
carry out the improvement of the navigation themselvea, 
appointing Mr. Farrell their Engineer. 

Under this Act the works were resumed ; W. R. Le Fanu, 
Esq., C.E., was appointed Consulting Engineer, Mr. Talbot 
remaining, as before, in sole charge of the worka. Operationa 
were commenced on the south side by entering into contracts 
for an embankment 2,580 yds. long, running from Drinagh 
to Wood Island, generally east and west, though carried 
somewhat convex to the northward, in order to avoid crossing 
a deep part of Coal Channel. A cross section of this 
embankment is ^ven (Plate X., Fig 2); the dimensions are 
similar to those of the north side; but the sea face ia 
curved to prevent the waves running up to a height 
which was there found objectionable. This embankment, the 
position of which was greatly influenced by the scarcity of 
proper materials, was run out by means of tramways and 
earth waggons. At a quarter of a mile from Drinagh some 
difficulty was experienced In crossing a soft spot where no 
foundation could be reached 66 ft. below the surftice, the 
boring rods bringing up from that depth turf, and perfectly 
sound chips, apparently of alder wood. Immense quantities 
of clay were thrown in, giving rise to an interesting question 
in the measurements, the contractor claiming to be paid on 
the supposition that the slopes of the bank extended unaltered 
the entire depth. It was proved by boring as well as by the 
tale of the waggons (which had, fortunately, been kept), that 
the bank went down either mth parallel or slightly converg- 
ing sides. The embankment was brought up from both ends 
to the margins of Coal Channel, at a point where it is 400 
yds. wide and 14 ft. deep. A rough viaduct of native timber, 
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in 16 ft. spans, waa carried across, and a breakwater of 
crescent aliape was constructed on the seaward aide, the ends 
lapping and abutting on the bank already fonned. It wa,a 
made by bringing the stone, prepared for pitching the sea face, 
in boats and throwing them in loosely to the level of high 
water at neap tide, with the intention of mitigating the velocity 
of the current — not of making a perfect dam. These prepara- 
tions completed, the clay was run in, night and day, between 
spring tides ; and the closing up of the bank was accomplished 
without any difficulty or accident. Three sluices, 3ft, 6 in. broad, 
18 in. deep, with tidal flaps, were set in the bank, their upper 
Bides being level with low water of spring tides, to enable the 
imprisoned sea to escape. The ends of the piles and spur 
shores were cut ofi' where they projected above the face of the 
bank ; the breakwater was taken up and used, aa intended, in 
pitching the sea face. A catchment drain, 10 miles long, 
skirts the main land. As on the north side, it is quite level, 
but discbarges its waters at either end, and varies in breadth 
of bottom from 4 ft., at its source, to 12 ft. at the outMl. 
About 6 miles are still but partially excavated. It carries off 
the watershed of 8,000 acres. 1,996 statute acres of land 
and 200 acres of water in old channels are the results of the 
operations described. There ia, in addition, a small plot of 
214 acres reclaimed by Major Boyd a few years before, and 
th.e remains of an embankment attempted some fifty years ago 
by a Mr. Thomas, may be seen intersecting the new works aa 
shown on the map. This embankment failed in consequence 
of being bmlt of sand, facines, and clay, mixed together. The 
dotted lines on the map indicate the reclamations originally 
contemplated by the company, but not as yet carried out. 

The chemical properties of the lands thus brought within 
reach of the fanner are given in the analyses of four specimens 
Bubndtted, in 1851, to Professor Sullivan, Chemist to the 
Museum of Irish Industry; — 
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ANALYSES. 

Specimen No. 1 was takea north of the road under Begen 
fltables; No. 2, under Newells house, Ballyla; No. 3, NortJi 
Hook passage, under Carrygibben ; No. 4, residue of No. 1, 
found in the bottom of road and other dnuna. 
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In his comment on the ani^ysis Professor Sullivan re- 
marks : — - 

" In most of the soils a large part of the iron exists in pro- 
toxide, which, from the facility with which it is taken up by 
weak acids, is always injurious to vegetation. A great part 
of the silica, which is present in larger quantities than is 
usually the case, exists in combination with iron, a form in 
wiiich it is very injurious to plants. The only cure for these 
evils is exposure of the soil to the atmosphere, and limeing- 
The latter operation will be attended with many benefits, as 
the quantity of lime present is very small. A heavy lim^ 
ia not, however, necessary or desirable." 
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For the foUowing remarks on the agriculture of the mud- 
tands the author ia indebted to C. W. Palliser, Esq., the 
gentleman who, for nine years, Iiaa managed the pro- 
perty: — 

" For the first three years after the reclamation on the 
north side was completed, the lands were put under com 
Crops, with very slender succesa, many parts being perfectly 
barren. Where crops did grow well, there was a considerable 
admixture of sand or gravel in the mud. The limeing recom- 
mended by Professor Sullivan was resorted to, to the extent of 
twenty barrela (of 2801bs.) to the acre, with very encouraging 
results, converting barren into productive land. Later on 
the Umeing was increased to from forty to fifty barrels per 
axiG, by which means luxuriant crops, j>articularly of wheat 
and barley, were grown. Green crops, clover and grasses, 
answered admirably, and the pasture improved in fattening 
qualities. The drainage, up to the present, is still defioient, 
the water never having been more than 3 ft. below the 
surface ; but when, with the assistance of the new machinery, 
the vrater is kept down 5 ft. or 6 ft., the value of the land 
will rise from 25 to 30 per cent. The experience of nine 
years in the mam^ement of the north aide, together with 
some experimental farming on a very small scale on the south 
ude, and an analysis indicating somewhat better land, justifies 
the conclusions that it requires the same treatment. The 
land should be turned up deeply by steam ploughing, for 
which it ia peculiarly adapted, left to lie fallow for a year, 
and then heavily limed. After such treatment abundant 
crops may be certainly expected." Fortunately there ia an 
abundant supply of limestone on the south side; it ia brought 
to the limekilns, at a very low rate, by small sailing lighters 
or " cots," as they are there termed. 

The rise and fall of the tides at Wexford is very incon- 
siderable, being 3 ft. for neapa and 5 ft. for springs. These 
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are affected, besides, by the direction of the wind. A Btrong 
E.S.E or S.E. gale mses the water two or three feet above 
the normal level; wind in the contrary direction, on the other 
hand, prevents the rise of tides. In consequence of this, it is 
impossible to get sufficiently deep dnunage by means of tidal 
eluicea, and pumping has to be resorted to. The water to be 
removed may be said to consist exclusively of the rainfall, aa 
the leakage through the banks and the flow from natural 
streams is inconsiderable. The rainfall for the last two yeara, 
as indicated by the rain gauge placed at Breast Island, about 
6 ft. above the ground, is ^ven in the following table:— 



January . 

February 

July '. 
August . 
September 
October . 
November 
December 



I* 
I 



There seems to be considerably more rain on the mudlands 
than two or three miles higher up the river, for Mr. Farrell'a 
gauge on the north side of the town indicates only 26-5 in, as 
the mean of the last four years ; he considers, however, that 
this b hardly sufficient, as the gauge is placed at a considerable 
height above ground. One inch of rainfall is ei^ual to 101^ 
tons of water per acre. About one-fourth of the total rain&U 
of 45-58 in. can be counted on as absorbed by vegetation 
and the soil, or dissipated by evaporation, so that 34'2 in., or 
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3,468 tons of water per acre, have to be pumped up annually, 
amounting, on the north side, to 23,645 tons, and on the south 
aide to 20,862 tons per day. 

The first pumpinf; etation erected was that on Breast 
Island, to drain the north reclamation. It consists of a scoop- 
wheel, 30 ft. in diameter, 6 ft. wide; buckets 6 ft. deep, with 
close sides and bottoms, driven by a side-lever marine engine, 
working at 5 lbs. steam pressure. The performance of this 
machinery was very unsatisfactory, partly from the defects 
of the engine, but mainly from the malformation of the wheel, 
which, in consequence of the depth and insufficient rake of its 
buckets, lifts a large proportion of the water several feet 
higher than is necessary. When it became requisite to erect 
a pumping station on the south side, Mr. Talbot instituted 
experiments to guide him in the design of the new scoop- 
wheel. He lined up several of the buckets, so as to alter the 
depth and rake of floats, and by repeated trials arrived at the 
proportions finally adopted. The pumping machinery at 
Drinagh, lying at the N.W- comer of the south reclamation, 
is composed of a scoop- wheel, 40 ft, diameter and 10 ft. broad, 
driven by a condensing engine, with a 3G in. cylinder, 6 ft. 
stroke. The general disposition of the engine-house, scoop- 
wheel, boiler-house, channel, and sluices is shown in the block 
plan (Plate X., Figs. 3 and 4). The steam engine is of the 
ordinary beam class, presenting no peculiarities beyond the 
Bteam and exhaust valves, which are double beat, being 
worked by cams keyed on a cam shaft passing under the floor 
in front of the valve chests. A variable rate of expansion 
can be given at pleasure by eliding the cams on the shaft by 
means of a handle conveniently fixed near the starting levers. 
The engine, as already stated, has a 36 in. cylinder, 6 ft. 
stroke, and is intended to run at the rate of twenty-five 
revolutions per minute. The steam is used at about 131b. 
pressure per square inch ; but it is very much to be regretted 
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that aQ CQgine so admirably adapted for a liigh rate of 
ezpansion ehould not be worked up to 50 lb., cutting off at 
one-eighth or even one-tenth. The boiler-house is constructed 
to accommodate three angle-flue Cornish boilers, 21 ft. 6 in. 
long, 5 ft. 9 in. diameter, with flues 2 ft. 10 in. diameter. 
Two boilera only have, up to the present, been erected ; the 
third not being necessary for the working of the engine. The 
whole of the ateam machinery, which ia very well designed 
and constructed, was erected by the Irish Engineering Com- 
pany, Se\'ille Works, Dublin. The scoop-wheel (Plate X., 
Figs. 5 and 6, Plate XI.,) conalata of a hollow cast-iron shaft, 
13 in. diameter, working in brass bearings, 12 in, diameter, 1 
ft. 4 in. long, and having three cast-iron spoke centres, 6 ft. 
diameter, keyed on it with eight keys each. This shaft is 
rast of Crevalea (Irish) iron. Twenty flat wrought-iron 
spokes radiate 14 ft. from the periphery of the centres, into 
which they flt, being keyed into taper eockets, A ring of 
flat iron, 34 ft. external diameter, connects the ends of the 
arms; to it and a second smaller ring, 28 ft. external diameter, 
are riveted flat iron float spokes, bent to give the buckets the 
proper rake. The spokes next the engine-house are considerably 
stronger than the other two set, and have their ends enlarged 
to receive the segments of the annular spur-wheel, 31 ft. 6J 
in. diameter, 10^ in. wide, and 3^ in. pitch. Besides being 
securely bolted to the arms, the segments of this wheel, and 
through thera the entire structure is stayed and stiffened by 
twenty diagonal braces, 1| in, diameter, with screwed ends 
secured to the annular wheel at one end and the external 
spoke centre at the other. A spur pinion, 5 ft. 3^ in. diameter, 
flanged on one side of the teeth, is keyed on the fly-wheel 
shaft of the engine, and gears into the annular wheel 7 ft. 
below its centre on the discharging side, by wliicli arrange- 
ment the weight of water is borne directly by the pinion. 
The float boards are all drawn tangents to a circle 13 ft. in 
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diameter, and are formed of 3-in. Memel planks, gi-ooved and 
tongued with flat iron, and secured by means of hook bolta to 
the float apokes already described ; a 9-in. backboard is similarly 
secured to the middle ring, while the ends of the float epokea 
are kept in place by a flat iron ring 38 ft. 8 ia. external 
diameter. There are forty floats, each measuring 9 ft. 11| in. 
long, by 3 ft. deep, and the backboard is 9 in. high. 

The masonry is very careMly dressed to fit the wheel very 
accurately, the clearance not being more than ^ in. or | in. 
The water is dehvered over a crest 4 in. broad, exactly 11 ft. 
higher than the bottom of the i-ace under the wheel, and 3 ft. 
6 in. below high water of spring tides. The channel drops 1 ft. 
3 in. immediately behind the crest, and has an inclination of G in. 
in its length. A pair of tidal gates at its seaward end prevent 
the entrance of high water, while a second pair of sluices are 
placed half way between them and the wheel, aa an additional 
precaution. The water is admitted to the wheel by cast-iron 
duioea, which are worked by means of shafts and bevel gear 
from the engine-house. The channel from the wheel to 8 ft. 
outside the inlet, is perfectly level; it is 10 ft. 7 in. wide on 
the wheel side, and 11 ft. 7 in. on the outside of the sluice, 
the eill of which is 3 in. higher tlian the bottom of channel. 

The details in this respect, which are important with 
reference to the experiments to be described, are fully shown 
(Plate XI.), At twenty-five strokes of the engine the 
wheel makes four and a half revolutions per minute, giving a 
velocity of 9'42 ft. per second to the tips of the floats, at 
which rate the wheel will raise 170 tons of water per minute, 
and pump out the rainfell of a year in about sixty-three days 
of twelve hours. The old Coal Channel acta as a reservoir, 
the water in it rises about 8 in. for every inch of rainfall, so 
that even the extraordinary doivu-pour of 6 in. in one month, 
which would r^e the channel only 4 ft., could be pumped out 
s. The object in making this pumping station so 
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powerful was to provide for large additional reclamations, 1 
avoid the necessity of always keeping it at work, and to enaUe 
one set of men to attend to both sides of the harbour. The 
Drinagh scoop wheel, which is believed to be one of the 
largest in existence, was built by Messrs. Courtney, Stephens, 
and Co., of Dublin, the firm with which the author is 
connected. It weighs Si^ tons (cast iron, 18 tons 3 cwt.; 
wrought iron, 14 tons ; timber, 2 tons 2 cwt.), and the pinion, 
IJ tons. The contract price was £760^very nearly £6 per 
horse-power, taking 170 tons of water lifted 11 ft. per minute 
as the greatest duty performed. The total coat of the pumping 
station is not accurately known, but is estimated at £5,000, 
or about £40 per horse-power measured as described. On 
the 11th January, 1861, the author, in company with Mr. 
Talbot, and Mr. James Eaaton, of London, made some carefiil 
experimenta, with a view to determining the economic value 
of this form of pumping machinery. The engine and wheel 
being in perfect order, indicator diagrams were taken at short 
intervals, first from the top, and later from the bottom of the 
cylinder. The speed of the engine, the opening of the sluice, 
and the level of water in the channel outside it, were carefully 
noted at the same time, the three observers checking their 
notes on the spot. It unfortunately occurred that the drains 
were very full, so that, on raising the inlet sluice, the water 
rushed out to the wheel at a charge of 8-4 ft., and, therefore, 
with a velocity of 23 ft. per second. A apace of 22 ft., 
however, intervened between the sluice and the wheel, and it 
was observed that on reaching the floats there was no tendency 
to run up them ; that, in fact, the velocity was as nearly as 
possible that of tlie floats themselves, viz., 9-42 ft. per second, 
or that due to a fall of 1'4 ft. Had the wheel been working 
in still water this velocity would have to be imparted by the 
steam engine ; it is, therefore, necessary to deduct 1-4 ft. from 
the apparent lift of the wheel, leaving 9'6 ft. as the real height 
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to which the water was raised by the engine. The experiments, 
and the results calculated from them, axe set forth in the 
following table : — 
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On comparing Nos. 3 and 8 it will be seen that the mean 
pressures indicated by the diagrams and the speed of piston 
were very neariy the same. On laying one diagram over the 
other, it was seen that they coincided very nearly, although 
taken fixim opposite ends of the cylinder, so that no error of 
any consequence results from assuming the power in the up 
and down stroke to be the sainc. The calculations for the 
quantity of water passing through the sluice arc complicated 
by the circumstance that the orifice was partly submerged, and 
the edges are not all in the same plane. Feeling incapable of 
determining the proper co-efEcient of discharge, the author 
applied to a member of this Institution who has rendered his 
name famous in connexion with hydraulics — John Neville, 
Esq., of Dundalk, who in the most obliging manner took the 
trouble of examining the nature of the case, and giving his 
opinion in the following words: — " I considered carefully your 
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traciDg and ekctches of the Bluices, and the channel between 
them iind the scoop- wheel, for draining the reclaimed landB at 
Drinagh, Wexford, and I estimate the mean value of the 
co-cfficicnt of discharge (Cj) in formula 51 of my book, 
applicable in this case to be about 0'585, and the effects of 
the backwater to extend about half-way up on the sluice." 
The formula referred to : — 



D: 



= a / rf, V 2 ^ k + C. Id, J 2 ff (h.+^,) 



luioe. i 



will be found, Sec. V, page 141 of the new edition of Mr. 
Neville's book, and haa been used in computing coliimn 9 
of the table. The quantities /, rfj, d^, h, h„ will be under- 
Btood by reference to the drawing of the sluice in Plate XI., 
C', has been taken equal 0'585. The specific gravity of the 
water, which was slightly saUne, was ascertained to be 1'00112, 
It appears, then, that a useful effect of 68'2 per cent, is 
rcnhzed ; the loss from all causes, including the friction of the 
en^ne, being 31'8 per cent. The consumption of fuel has never 
been accurately ascertained during steady running, but has 
averaged 5^ cwt. per hour, or nearly 4^ lb. per indicated horse- 
power. This is not satisfactory, but a glance at the diagrams 
(Plate X.) explains the cause, for the steam ia not cut off 
sooner than half stroke, and the exhaust valves close too early. 
If higher pressure were employed, with a sharper cut off 
and better adjusted valves, the consumption might be reduced 
to 3^ lb. per horse-power, or very little over 4 cwt., and the 
duty done would be about 400,000 lb. raised one foot by lOlb. 
of coals. It may at first sight appear that the leakage between 
the floatboards and the masonry must be very considerable; 
this is not really the case, because the water does not half fill 
the space between the buckets, and, consequently, the leakage 
only takes place under a very small head from bucket to 
bucket. The defects of the scoop-wheel as a means of raising 
water under variable lifts are very obvious. It is true that 
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arrangemcnta might be made for accommodating the lip of 
the wheel to the variationa of the tide, but this would entail 
complicated machinery. It would bo very easy, however, to 
take advantage of the rise of water in the drains by arranging 
the inlet sluices as in a Poncelet undershot water-wheel, and 
BO utilLsing the rush of water which, in the present arrange- 
ment, is almost lost. The weight and bulk of the machinery 
also require costly foundations, often very difficult to obtain 
in marsh lands, and the wlieel is very easily damaged by the 
accudeutal introduction of any solid matter. In all these 
respects Messrs. Easton, Amos and Sons' patented arrange- 
tnent of the Appold centrifugal pump, which has recently been 
erected on the north reclamation, to replace the old Breast 
8COOp-wheel, presents great advantages, as may readily be 
inferred from the fact that, in the face of the excellent 
performance of the Drinagh wheel, the proprietors have 
adopted the modern drainage enguie. 

The position of the old scoop-wheel on Breast Island 
proved to be badly chosen, on account of the silting up of the 
channel leading the water to it. The new Appold pump haa 
therefore been erected on the eastern margin of Begem channel, 
a few yards back from the embankment. Plate XII,, Figs. 
1, 2, and 3, are a plan, lon^tudinal and cross sections, show- 
ing the general aiTangcment of the engine and boiler-house, 
culverts, and sluices. The peculiar construction of the steam- 
engine and pump, in a seli'-eontained cast-iron case or frame, 
IB patented by Messrs. Eaaton, Amos and Sons, and is 
specially suited for marsh lands, where it is commonly very 
difficult to obtain reliable foundations ; Ming which, maclimery, 
supported on detached masses of masonry, as at Drinagh, 
would speedily get out of adjustment. The pump itself is a 
fim of galvanized sheet iron, 4 ft. in diameter, 1 ft. 3 in. deep, 
with a diaphragm in the middle of its depth, revolving in a cast 
iron case (Plate XII., Fig. 2). Two auction pipes convey 
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the water to central orifices above and below the &n. The 
curved blades whirl it out, and cause it to rise in the metal 
case till it reaches the level of overflow into the aea. The 
vertical pump spindle, which revolves 133 times per minute, 
is actuated by a bevel pinion of forty-three teeth, gearing into 
a mortice bevel fly-wheel of 114 teeth, keyed upon a craok 
shaft resting across the centre of the pump-case, in strong 
standards, Ijolted on each aide of it. Motion ia given by 
means of a piur of direct-acting condensing engines, having 
cylinders 18^ in. diameter, 24-in. stroke, caiiable of working 
under 50 lb. steam, at a high degree of expansion, the cut-off 
being effected by the double slide valve arrangement. The 
piston-rod cross-heads are guided by grasshopper parallel 
motion, the beams of which work the lur and feed-pumps 
The proper speed of the engine is fifty revolutions per minute. 
Steam is generated in one Cornish boiler, 6 ft. 6 in. diameter, 
22 ft. long, with the furnaces in two internal flues, 2 ft. 6 in. 
diameter. Provision has been made in the boiler-house for a 
second siniilai' boiler. The mouth of the inlet culvert is 
protected by a close iron grating, and provided with rebates 
in each wall for the reception of planks, to fonn a dam, in 
case it is desired to exclude the water from the pump. To 
the pump-case on the outlet side are hinged, on a vertical 
axis, a pwr of self-acting sea-gates; similar ones, but much 
stronger, fixed in a massive metal frame imbedded in masonry, 
guard the sea end of the outlet channel; and, to provide 
against acadent to these, a sluice, actuated by rack and pinion, 
is introduced just behind the embankment, 12 ft. back from 
the outer gates. The pump being placed below the lowest 
level to which it is ever contemplated to reduce the water on 
the lands, does not require to be charged. The inlet and 
outlet culverts being very large, the water passes out at an 
extremely moderate velocity; the difference of level in the 
engine-house and at the outer sea gates, a distance of 80 ft.. 
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being only one inch. The bottom of the outlet culvert is 
sunk 4 ft. 3 in. below low water of spring tides, so that the 
pump only riacB the water one inch higher than the sea level 
in all conditions of the tide, wherein consists one of the chief 
merits of this form of drainage engine. It is not the author's 
purpose to enter into details regarding the form and construc- 
tion of the Appold pump; it is sufficient to state that it 
possesses the property, speaking roundly, of absorbing the 
same amount of power at every variation of lift, provided the 
speed be constant; in other words, the quantity of water 
delivered is inversely as the hft, so that the machine is self- 
regulating; and, moreover, the greater the emergency pressing 
in the shape of flooded lands, the greater becomes the quantity 
delivered by the pump. The contractors having undertaken 
to discharge certsun quantities of water at specified lifts, with 
a ^ven consumption- of coal, the author was directed by the 
proprietors to institute experiments to test the performance of 
the pump. 

On the 19th February, 1863, a weir or notch was constmcted 
of 4-in. plank, just where the inlet branches from the Begem 
channel. The planks forming the weir had a gap 14 ft. long, 
1 ft. 6 in. deep, cut in them, the bottom and sides of which 
were bevelled off on the lower edge at an angle of 45°, leaving 
a crest 2 in. wide. The dam was let about 12 in. into stiff 
mud, the upper side and ends were carefully puddled, and tlie 
bed of channel on the lower side securely pitched with large 
atones to resist the scour of the overfall. As soon as all the 
prejiarations were completed, a plank was fixed across the 
notch, and the tightness of the dam and sides of channel 
aatisfiiotorily proved by pumping out all the water below it. 
The greatest pains were taken to ensure accuracy of observation. 
A plan and longitudinal section of channel and weir were made 
(Plate XII., Figs. G and 7), stakes a and i were driven 13 ft. and 
26 ft. from the weir, respectively, for observing the velocity of 
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approach ; another, c, 45 ft. from the var, for gauging 1 
heads in still water, from a bench mark, referred to the cr 
of the weir by carefully measuring from the suriace of 1 
Btill water when the pump was not in action. The power 
the engines was determined hj taking indicator diagrama w 
Richards' high-speed indicator, one fixed to each engine 
means of pipes, which could be made to commonicate 
pleasure with the top or bottom of the cylinders by men 
turning two cocks, so that diagrams of the up and do' 
strokes were token within three or four revolutions of ea 
other. The method of conducting the observations was 
follows : — The eng^es having been got to a steady speed, t 
heads, velodty of approach, and lift, were measured ; the fo 
indicator diagrams traced; the number of revolutions aec 
tEuned; and, finally, the heads and lift checked. The day 
which die experiments were made was very calm and brigbl 
In Table No. II. are ^ven all the observations made, ai 
the results calculated from them. 
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Column 7. — It will be seen, on reference to Plate XII., Fig. 
7, that the bottom of the channel leading up to the weir was not 
Tery much below its crest, and very irregular in section. The 
Telocity with which the water approaclied the overfall was, in 
consequence, considerable ; and, as part of the observed head 
in still water was expended in producing it, or in other words, 
in overcoming the resistance of the channel, it became neces- 
sary to determine the amount by observing the velocity of the 
current. This waa done by noting the passage of a 3-in. 
wooden ball — loaded with lead till it barely floated— past the 
stakes a, b, placed 13 ft. and 26 ft., respectively, from the 
weir. 

Columns 8, 9, 10, 11,— The spot c, selected for measuring 
the heads in still water, vras at such a distance from the weir 
that no perceptible variation of level was found to take place, 
whether the pump waa in action or not. The heads mcasm^ed 
here, however, are reduced by three-sixteenths of an inch, 
found to be expended, as already explained, in overcoming 
the resistance of the channel. In order to obtain data for 
arriving at the true volume discharged by independent 
methods, the heads were also measured vertically on the upper 
and lower edges of the crest; and further, four measurements 
■were made by means of ordinates from a horizontal line, to 
determine the curve of the upper surface of the overflow. 
These are given in Table III., which refers to Plate XII., 
Fig. 8. 

Table III. 
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The coefficient eelected 0617 is that applicable to a thin 
plate, although the crest was 2 in. wide; it ia necessary, 
therefore, to explain that the author observed that the lower 
edge of the notch was not wetted after the stream had assumed 
a certain thickness; but, on the contrary, the water curved up, 
as represented in Plate XII., Fig. 8, at e, and to such an extent 
that a rule three-eighths of an inch broad could be laid on the 
lower edge of the crest, showing that the contraction vraa 
complete along the whole border. Being most anxious to base 
his calculations on good authority, the author again applied to 
Mr. Neville for advice, and obtained the following reply to a 
letter containing an account of the experiments : — 

" JoCBlTN-STaEBT, DuNSAXK, 

March -iaih, 1863. 

"Mr Dear Sib, — Owing to various profeaaioDnl engagementa I could 
not enter earlier into the subject of your letters of the 25th and 28th ult., 
respecting the quantity of water discharged by Appold's ceutrifugal pump, 
erected by the proprietors of the Wexford Reclamationu. The plaa and 
lectiona j-ou furnished me with of the weir, reservoir, and overfall, the 
observations on the heads over the crest, and the forms of the approaching 
water sections, have been all given with a carefulness which observers 
frequently neglect, and there is, therefore, little difficulty in arriving at 
the quantilj of water discharged, the value of the co-efficient, and ihe 
correction of ^he head required, before applying it. The obaervationa 
show that the contraction over, and at the sides of the weir, waj complete, 
and, therefore, the cO'efflcient is that due to a thin plate placed under the 
same circumstances. The head producing the overflow is not, however, 
that taken at still water at c, about 33 &,. up the channel, measured at 
right an^es to the weir, but that head reduced by the height due to the 
resistances caused by friction and variations of section betwixt the weir 
and c. Now, the observed velocity of approach being from IS in. to 
19 in. per second, it is not difficult to show that the head due to these 
resistances appro si mates to three-sixteenths of an inch, in all of the 
experiments. This, therefore, will have to be taken from the observed 
heads at c, to find those acting as if there were no loss of effective head 
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Experiment No. 6, and the heads 



betwixt c and the weir. T&ke, 
are aa foUons : — 





tSHH 


ssr^"^ 


3|ps 


Deduct heads due to \ 
Corrected heads . 


9^ = 9-437 
■h= -187 


8^ = 8-75 
■02 


7t», = 7-563 
00 


9-250 


a'73 


7-563 



"The co-efficient due to the first of these heads is 617, bnt the 
co-efficient for the head taken at only 3 ft. above the crest would amount 
to about -GTi. If you deduct -fy in. from each of the heads observed at 
c, and apply the co-efficient -617, you will, under all the circumstances of 
this set of experiments, get the discharge very nearly, and find it at 
Table TX, p. 42-1, of my hook for different heads. There are seversj 
mtereating results to be deduced from your observations and the detwled 
ordinatos, bat I am prevented from drawing any other inference than that 
above, from want of time. 



^™0)l: 



"Tours, my dear sir, very truly, 

"JOHN NEVILLE. 



Akdbbsok, Esq." 



— The lift was measured as the difFerence of 
level between the water in the mouth of the inlet culvert, and 
in the outlet at the engine-house wall, thia being the uaefal 
lift. In fact, however, there would be a slight fall to the 
suction pipea of the pump ; and in the pump-caae, the water 
at the side furtherest from the outlet rose about six inches 
higher than at the gauge point in the culvertr— the surface 
sloping down to it. The whirling motion communicated to 
the water by the fan expended itself partly in motion seaward, 
along the outlet channel, thereby reducing the head otherwise 
necessary to produce the cun-ent through it, and partly in 
heaping up the water, as described in the pump-case ; one 



1S2 



PEOCEEDWGS OF THE INSTITnTION 



Bource of loss, therefore, aiises &om tlie pump work 
practically under about six inches more head than the net 
difference of level, amounting to from 6 to 8 per cent, of 
the lift. 

Column 14. — As already stated, the indicator diagrams 
were traced by a ptur of Kichards' indicators — the instruments, 
in fact, now on the table. The advantage they possess over 
the common kind is that the tracer can be lightly and 
accurately apphed to the paper, no matter how rapid the 
vibrations. The metallic paper and sharp brass tracer used 
added also very much to the clearness of the figures. The 
four diagrams for each observation were traced in leas than 
half a minute. Plate XII., Figa. 4 and 5, are reduced copies 
of two pairs. 

Column 15. — The result of much labour and expense is 
now before the Institution. The mean of thirteen experiments, 
carefully and honestly made, gives 556 per cent, as the mean 
duty of the pumping engine; the greatest variation in the 
results being 7 per cent., and (the 1st and 12th experiments 
excepted), the greatest variation in the remainder ia under 
4 per cent. The speed of the pump was purposely varied to 
ascertain if any perceptible effect would be produced on the 
duty. One-sixth may fajrly be allowed as the resistance of 
the pair of en^nes and the gearing, which would leave the 
pump doing 67 per cent, duty — a result highly creditable to 
the makers. The consumption of fuel could not be ascertained 
during the experiments on account of the numerous stoppages ; 
but the average is 2^ cwt. of fair Scotch coal per hour; and, 
by careful management, the author has run the pump with a 
little over 2 cwt., or 4J lb. per indicated horse-power per 
hour. 

The cost of the pumping en^ne complete was £1,850 — 
£37 per indicated horse-power. The buildings, culverts, 
foundations, came to £2,725 or £54 10s. per indicated horae- 
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The badness of the weather and the nature of the 
ground rendered the latter more expensive than waa at all 
anticipated. 

In conclusion, the author may remark that he has endea- 
voured to lay hie experiments before the Institution in such 
form that any one interested in this matter may check the 
results obtained for himself — even as regards the indicator 
diagrams — which will be preserved among the papers of the 
Institution. 



I Instil 



[14th January, 18030 
M. B. MULLINS, Esq., Vice-President, in the Chtur. 



Ibish Linen Bleaching and Bleaching Machineht. 

By John Smyth, Jun., A.M., Member. 
The bleaching of lineu, for which Ireland is peculiarly and 
justly celebrated, is a widely different process from that of 
cotton. Before manufacture the former is natm^y dark and 
the latter nearly white. This fact will account for the small 
progress made in the improvement of linen compared with 
cotton bleaching. 

For aomo years back cotton pieces have been sewed together, 
in lengths of about six miles, and bleached in two or three 
days, without being separated or put out on the fields, thereby 
saving a great deal of manual laboui- ; whereas the bleaching 
of linens still occupies about four weeks, although some classes 
are occasionally done in five or six days. In order to 
understand the bleaching of linen, it is necessary to become 
acquainted with the nature of the material itself, the colouring 
matter, and the various extraneous substances taken up in the 
manufacture. 

Linen goods are manufactured irom the fibre of the flax 
fpt, the consideration of which would afibrd ample materials 
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for a separate paper. I shall therefore just give it a 
glance. It is composed of three parts, the shove or boon, the 
fibre, and the cement or gum, which joine the fibre and boon 
together. As the outside fibre or bark ia the only useful 
part, it must be separated from the boon, and to do this it is 
necessary to decompose the glul«n. This proceaa changes the 
colour of the flax from a light yellowish grey to a dark brown, 
thuB increa«ng the colouring matter to be removed. 

To obviate this difficulty several new plans of steeping, as 
thb process is called, have been invented, but as yet without 
having arrived at any satisfactory result ; for, in whatever way 
the steeping is done, there is still a large quantity of organic 
colouring matter to be removed before the linen can be made 
white. 

It has been found that this quantity is about 33 per cent, in 
linen, whilst in cotton it is only 5 per cent. Considerable 
time is required to effect this reduction of the fibre, aa the 
bleaching must be accomplished rather by the slow and gradual 
efiects of weak stuffs than by the sudden application of strong 
ones. The centre of the fibre must be reached in each 
application of the bleaching agent, otherwise the colour will 
be neither pure nor permanent, and the goods will be very 
subject to damage from difference in expansion. This accounts 
for the danger in bleaching fine goods in which, although the 
colouring matter ia small, as they are manufactured from 
Belgian flax, yet the yarn is so dense and so closely put 
together as to render it exceedingly difficult of penetration by 
any liquid. 

The organic colouring matter of the flax is slightly soluble 
in water and eminently so in alkalies; although soluble in 
the alkalies it is not easily removed without exposure to the 
air or the application of chlorine. Another substance to be 
removed is a resinous or gummy matter, probably a portion of 
the gum which unites the boon of the flax to the fibre. This 
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' is removed by repeated boiling, aa it is aoluble in 
alkaline lyes. 

So much for the raw material. I now proceed to deacribe 
the obstacles to be met in the bleaching of the manufactured 
linen, and the manner of overcoming them. 

One of the greatest of these ia the dressing put on the 
yam by the weaver to make it smooth, and also cover over 
bad work. 

The most usual and perhaps the least noxious is flour, which 
is made into a paste and applied to the yarn by means of a 
brush. 

Potatoes prepared in a peculiar manner are eometimes uaed 
for this purpose ; and, as they are allowed to sour before use, 
the operation of applying them to the yam is anything but 
agreeable. 

The worst dressing, however, for the bleacher that I have 
ever heard of is a mixture of glue, sago, and tallow, boiled 
together. The manufacturer hkes it because it makes the 
web firm, tinny and more sightly. I have no doubt there are 
a great many other noxious ingredients used, could they only 
be detected. 

Weavers houses are generally smoky, from bad ventilation 
and from their burning resin candles ; so, when we consider 
that the yam covered with wet dressing ia often exposed for a 
loDg time to the smoke and dirt, some idea may be formed of 
the difficulty experienced in cleansing the threads which have 
been tightly driven together. 

Besides the dressing, the weavers also use tallow to make 
the thread more slippery; as they generally apply it to the 
warp in a very partial manner, the goods axe more liable to 
uneven bleach, for those parts of the web which are more 
impregnated with the tallow, are thereby rendered more 
impermeable to water or bleaching agents. 

'i have been thus particular in describing the dressing 
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process, as it is absolutely necessary to have all extraneous 
substances remoyed from tbe thread before the colouring 
matter is attacked. 

DESCBIPTION. 

Plate XIII. ia a plan of Milltown Bleach-works, Ban- 
bridge, which will enable me to make the following descrip- 
tion of the bleaching process more easily underateod. 

These works are capable of bleaching 120,000 pieces, of 
30 yds. each, per annum. They are driven partly by steam 
and partly by water; the former is used very economically, 
as, after passing through the engine from a boiler at 60 lbs. 
pressure on the square inch, it ia collected in another larger 
boiler at from G lb. to 8 lb. preaam'e, whence it goes to do ita 
work in boiling and drying. This plan, without the interven- 
tion of a low-pressure boiler or reservoir, has been in use for 
some time in a few of the cotton bleach-worka in Lancashire. 
I consider the reservoir, however, to be a great improvement, 
as it prevents puffing or intermittent boiling ; indeed, since I 
introduced this plan, it haa given me great satisfaction, and I 
have experienced none of those disadvantages comphuned of 
by other bleachers aa belonging to tlus system. 

A constant aupply of water is kept up for the wheels by 
the Bann Reservoir Company, who levy a tax of £10 per 
annum per foot-fall on all the fall-holdera of the upper Bann 
river, below the point where it is joined by the river Mud- 
dock, which acts as a supply feeder from the reservoir. 

These works have a fall of 20 ft., in thi-ee divisions — one 
8 ft., and two 6 ft. The two last are not shown in the plan, 
as they are further down the river, and mei-ely drive beetling 
engines. Each of these falls is occupied by two water-wheels. 
The two on the first, which are shown in the plan, are breast 
wheels, constructed after the plan introduced by Mr. William 
Fairbaim, of Manchester, to the mills on the river Bann, abi 
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twenty years ago; the other four are not at present of bo 
good a construction. 

These works are provided with a complete ayBt«m of nulways 
and turn-tables, used to convey the goods from one process to 
another. I have prepared the following table of the usual 
plan of bleaching pursued in these works, to which I also 
will have occasion to refer: — 



BLEACnlNG PROCESS. 



1- Steep and wash. 

2. Boil and wash. 

3. Boil, wash, and field, 

4. Do. do. 

5. Boil and wash. 

6. Dip and wash. 



7. Sour and wash. 

8. Rub. 

9. Scald and wash. 

10. 6, 7, 8, 9 and field. 

11. 6, 7, 8, wMh and finish. 



PHEPAEATION. 

The brown linen goods are brought from the manufacturer 
to the Brown Room A (Plate XIII.), where they are 
measured and sorted into parcels ; these parcels are made of 
such a size as to fill the pota and kieves ; they contain, on the 
average, 300 pieces of 30 yds. each. Each piece is then 
marked at the ends with descriptive figures and letters in red 
thread, died so as to be unaffected by the several bleaching 
processea. The parcel is next thrown out on the rack B, 
and each piece ia well opened out of the fold, and made up 
in loose links about a yard in length, and held together by a 
band formed by the one end of the web, which is loosely 
knotted around the links; this is called linking. They are 
now ready for the first process. 



STEEPING. 

1. The object of this process is to remove the dressing ; and 
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it b effected in a large wooden, iron, or brick-and-cement 
kieve or vessel (see C on plan). The kieve ia about half filled 
with water, heated up to 120° to 150° F., into which the 
parcel is immersed, and well put down by men, who pueh tlie 
pieces with poles, aa they are thrown in. The goods are 
prevented from rising out of the vesael when fermentation 
seta in, by wooden or iron bars, or rather both combined, 
which require to be firmly fixed to the sides of the vessel, as 
the parcel swells up with great force during the process. 

The fermentation, which is produced by the action of the 
warm water on the dressing, is allowed to continue from one 
to two days ; in Summer it is often found unnecessary to heat 
the water. 

Various substances are used with the water to promote fer- 
mentation, such as pipe-clay, resin, or resin-soap, bran, and, in 
some cases, the old spent lyes in which other goods, at more 
advanced stages, have been boiled. The substance used and 
the manner of proceeding is more or less regulated by the 
nature of the dressing, and the closeness of texture in the 
goods. If much tallow be present, it is better to steep or boil, 
first, in a milk of lime, which forms a calcareous soap with the 
tallow or fat. The acetic acid generated in the process of 
fermentation is said to enter into combination with the fatty 
matters, and form an insoluble compound, which is unaffected 
by the after-boiling in alkaline lyes, and the goods are thereby 
spotted. Care must be taken not to allow the goods to 
remain too long in the steep, aa they may pass from the 
acetous to the putrid stage of fermentation, and thereby be 
damaged. When the goods have been sufficiently long in 
the steep, the liquid is run off, and they are thrown out to be 
washed. 

wAsn-MiLLS— {Plate XIV., Fig. 1). 

The machines generally used in this country for washing 
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are called wafih-mill feet or stocks; they arc awkward looking, 
yet possess many peculiar advantages. Two large blocks of 
wood (Plate XIV., D), weighing about 534 ib. each, are 
euapended &om a strong framing (B) above them, by a shank 
(C) ; an axis (A) ia passed tlu-ough the shank, and works in a 
pedestal on the top of the fi'aming ; the heel-clout (E) projects 
downwards from the back part of the foot, and is caught by 
the wiper (F) as the shaft (L) revolves. 

The box (G), which contains two feet, acting alternately, is 
curved at M to allow the goods to turn freely and expose 
every part to the action of the mill. 

When the foot (D) ia released from the hook (J) the facing 
(O) of the revolving wiper (F) catches the heel-clout (E), and 
draws back the foot (D) to a certain position, whence it falla, 
by its own weight, against the goods at G, and squeezes them 
against the opposite side of the box, freeing them, at the same 
time, of the water admitted by the cock (H) ; the water, in 
running off through the holes (N), carries away the severed 
impurities. The foot ia again raised, and, before it has time 
to fall, the goods are re-soakcd with fresh water, which ia 
driven out by the falling foot. 

This alternate soaking and squeezing occurs thirty times 
per minute. When the washing is concluded the water-cock 
(H) is stopped, the hook (J) let fall upon a projection (K), 
and, by means of the lever (I), the workman pulls the foot 
out of reach of the wiper (F). The goods are then thi'own 
out and then: folds rc-arrangcd for the next process. 

DA8H-wiiEEi^(Plate XIV., Fig. 2). 
The dash-wheel ia a cylindrical box, revolving upon its 
Skxis (A), and divided into four compartments; these have 
openings (E) into which two or more pieces are introduced; 
■water is admitted through the hollow axis (A), and the wheel 
is set in motion, causing the goods to toss from side to side. 
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Numerous other wasliing machines have been lately brought 
out, which have been found suitable merely for a few purpoaea, 
and not at all likely to supersede the wash-mill feet. A great 
desideratum is a machine, capable of washing a number of 
pieces Bewed together, which would remove one great obstacle 
to the introduction of the endless system in linen bleaching. 
Cotton is much more easily washed than linen, and ia almost 
univerBally bleached by the endless system. 

BOILING— (Plate XV., Fig 1). 

2, After the goods have been washed from the steep, and 
properly linked agmo on the rack (B, Plate XIII,), they are 
taken to the furnace or pot (E on plan) and boiled, about 
four hours, in soda lye that has been already used for several 
boils, and to which additional soda is seldom added. 

The pot is a cylindrical oast or malleable iron vessel, con- 
sisting generally of two parts, the crib (D) and the bottom 
(E), which are fastened together by a flange joint (G). It 
has a malleable iron lid (F), containing a safety-valve, by 
which the proper boiling pressure can be regulated. The 
steam-pipe (P) is introduced through the bottom of the pot, 
and passes into a circular pipe containing a number of small 
holes, which serve to diffuse the steam more regularly through 
the boil. A false perforated bottom (B), a little above the 
Bteam-pipe, protects the goods from the injurious effects of 
the hot pipe and the blowing of the steam, which would have 
the effect of riddling them. 

Some pots are provided with a spout-pipe (A), which is 
bolted to the centre of the false bottom, and rises to within a 
few inches of the lid, where it b surmounted by a cap (C), 
called an umbrella. The liquid is forced against the umbrella 
by the pressure of the steam from below, and distributed 
evenly over the goods, whereby they get the fiUl benefit of 
the tye, which is kept in constant circulation. 
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The goods are laid regularly, and not too doaely, in the 
furnace, bo as to admit of the easy percolation of the lye 
through every part. They are prevented from rising against 
the lid, and being burnt, by covering boards, across which 
two iron bars, fixed at both ends, are stretched. 

Various bleachers, in boiling, use various pressures on the 
safety-valves in the lids of their furnaces; these pressurea 
generally range from 4 lbs. to 10 lbs. per square inch — the 
higher the pressure the greater is the saving in coals. It is, 
however, considered more dangerous to the strength of the 
goods to boil at high pressures ; although cotton and even Hnen 
yam bleachers are boiling so high as 50 Iba. pressiu'e vrith 
perfect safety. Very strong furnaces are, of course, required 
for such boiling, and very small apertures for introducing the 
goods. 

PBEPABATION OF LTE. 

Lye is prepared from carbonate of soda or soda ash. Some 
bleachers use the ash without adding any lime to make it 
caustic — others make it (juitc caustic; but the most general 
plan is to make it partly caustic, by driving off part of it-a 
carbonic acid. The first plan is not effective enough, and the 
second is too much so, and is likely to injure the fibre of fine 
goods. Regard, in this matter, must be had to the quality of 
the goods and purity of the ash. 

In testing the purity of the ash, the avtulable soda is deter- 
mined by means of the alkalimeter — a vessel graduated to 
100° — ^from which a quantity of an acid of known strength is 
poured upon a solution of a known weight of the ash, till it 
is neutralized. The point of neutralization is easily known, 
after some practice, by a solution of litmus, or by the use of 
litmus paper. 

The carbonate of soda of commerce always cont^s o certain 
amount of caustic soda. To ascertain this, first determine, by 
the alkalimeter, the amount of soda ; then, by the carbonic acid 
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apparatus, how much carbonic acid it contains; these two 
qusDtiUes being known, a very easy calculation will give the 
amount of caustic aoda. Thia experiment requires a very 
good balance and jur-pump, and a great deal of care, to be at 
all correct. There are a great many other impurities ibund 
in the ash — auch as common salt, sidphate, eulphuret, and 
hyposulplule of soda. The quantitative determination of 
these, however, requires better laboratories, and more chemical 
knowledge, than are generally poeseased by the bleacher; bo I 
that it ia seldom practised. 

In preparing the lye for the pot it is usual to have three 
vessels (H, I, and F., Plate XIII.). In the first (H) the 
soda ash ia dissolved, and allowed to settle; the clear liquid is 
then drawn off into the second vessel (I), to which, after 
slacking, the lime is added. When It has settled here it ia 
drawn off into the third vessel, from which, by the xiae of a 
gauge, any determined quantity may be added to the pot. 

We now return to the goods, which, as we have already 
seen, were steeped, washed, and laid in the pot, surrounded 
by nearly spent lye. When the boiling ia finished, the lid of 
the pot is lifted by a small windlass ^.atened to the wall, and 
the covering boards and stays removed. A jib-ci-ane (K, on 
Plate XIII.) is then swung round, so as to suspend over the 
pot an iron cross-head attached to a pulley-block. The crosa- 
head has four, and sometimes si.t, arms, with hooks on their 
extremities, to whioh the loops of a strong rope netting, that 
had been put in the pot beibre the goods, are attached. The 
netting contiuning the goods is lifted up, clear of the pot, by 
the windlass, which is worked either by men or a donkey- 
engine, and lowered into the floor of the boiling-house, or into 
the coolers, whence the goods are conveyed on truc^ ^4HH 
wash-mills. ^^^^| 

SECOND BOIL. ^^^| 

3. After being well washed, the goods are re-linked on ^e l 

k M 
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gain put into the pot, into a much cleaner lye than 
liad been used in the previous boii, although not perfectly 
fresh, as it is renewed, after having I>een used in a more 
advanced stage of the bleaching, with some fresh solution of 
soda out of the receiver (F, Plate XIII.). Ita strength is 
ascertained by Twaddle's hydrometer, and allowance made for 
the impurities and spent soda derived from previous boilings 
in the same liquid. 

The goods are boiled this time about five or six hours ; then 
removed from the furnace, as described before, and very well 
vFashed; they are now ready for the field. It is most im- 
portant, especially in Summer, that the washing, previous to 
exposure on the grass, be done w^cll ; for if any lye be left in 
the thread it will be condensed by exposure, so as to injure 
the fabric. To test the goods as to whether they are washed 
or not, take some litmus paper that has been slightly reddened 
by a weak acid, and tighten it up in the folds of one of the 
pieces ; it will turn blue if the washing has not been properly 
done, and will be unaffected if the contrary is the case. The 
goods are spread on the grass for three or four days; they 
are kept at width by means of little pegs twisted into their 
Belvidgea and extremities, and stuck firmly in the ground. 



THIKD BOIL. 



I Belv: 

^^^Ki. When the goods have been exposed for a sufficiently 
f long time, they are again boiled in the furnace for the same 
time as the last, and at about the same strength, when they 
are again exposed on the grass. 

This process is repeated until they are considered fit to be 
retained in the house, and subjected to the chlorine treat- 
ment. 

Some kinds of linen require to be only twice or thrice boiled, 
and exposed on the grass in Summer, and three or four times 
in Winter, whilst others require more. Some soft open kinds 
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of goods, such as diapers or drills, are only exposed once, and 
indeed, in some cases, not at all. 

The goods arc now carefully examined, and the pieces that 
seem to be ready for the chlorine are kept in the house, whilst 
the others are boiled, and again sent out to the field. When 
the rejected pieces come in again they are in much the same 
state as the others. 

At this stage some bleachers give the goods what is called 
a rough sour. This consists in immersing them in a vessel 
(L, on Plate XIII.) containing dilute sulphuric acid, which 
stands at about 2° or 3° oq the hydrometer, for the space of 
about twelve hours. The best form of vessel for this purpose 
is a cylinder, with a slight taper from bottom to top, so as to 
prevent the goods from rising above the surface of the lit^uid. 

FODHTH BOIL. 

5. The nest process ia to boil the goods in a. lye, from 
2^° to SJ" T., for five hours, if they have not been previously 
soured; but, if they have, only for three hours, with a rather 
weaker lye, containing some soap. 

They arc now washed, made up in fresh folds, and imm 
in the chlorine bleaching liquid. 



a rather 
[umcnnH 



PREPARATION OP BLEACHING LIQUID. 

There are two kinds of this liquid : in the one the chlorine 
b combined with a solution of lime, in the other with a 
solution of soda. As the first parts with its chlorine very 
quickly, it is generally used for coarse light goods whose 
fibres are easily penetrated. The second ^ves off its chlorine 
slowly, and is used for fine heavy goods whose fibres are 
difficult of penetration, and therefore require time. 

The first is made either by dissolving the commercial 
bleaching powder in water, or by subjecting a solution of lime- 
water to chlorine gas for sufficient time. The chlorins 
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genemted by mixing, in a leaden chamber (M, on Plan), 
black oxide of manganese and common aalt, in certain propor- 
tions. Sulphiuic acid is poured into tliis mixture, and heat 
applied bj means of a steam chamber surrounding the dstem. 
Whilst the chlorine is passing into the receiver (N, on Plate 
XJTI.) the lime-water must be kept well a^tated. 

The second liquid is made in the same manner as the first, 
by substituting a, solution of soda. 

These liquids are sold in carboys, which can conveniently 
be taken to the edge of the kieves and poured in until the 
strength is as required for the goods about to be immersed. 

The tests generally med to determine the strength of 
chlorine baths are, solutions of red cabbage and indigo dissolved 
in sulphuric acid. The number of measures of bleaching 
liquid requisite to destroy the colour of either of these solu- 
tions gives at once the strength. To determine the strength 
of the bleaching powder and the liquid, as it comes from the 
manufacturer, several methods are employed, A very good 
one is to try how much of the sample is required to peroxidise 
a certain quantity of the protosulphate of iron. 

THE DIP. 

6. The goods, according to their requirements, are allowed 
to remain in the chlorine liquid from live to twelve hours. The 
kieves (O, Plate XIII.) used in this process are made either 
of large slabs of stone or brick-work, lined with cement. The 
proper temperature of the liquid at the time of immersion is 
about 60° F. ; for this purpose steam ia used in "Winter. 

The goods are thrown loosely into the kieve, piece by piece, 
so as to allow the chlorine liquor to get evenly to every part, 
and are drawn out in the same way that the air may strike 
them equally. They are generally washed after this process, 
as it is much safer to do so ; although in some cases, when they 
are very coarse, it is omitted, and a much greater effect is 
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produced, as when they come in contact with the a 
following process, there is a great disengagement of chlorine 
gaa, which acta very quickly and would destroy fine fabrics. 

THE BOUB. 
7. The next process, souring, has already been described 
above, when speaking of the rough sour. It occupies from four 
to eight hours, and the goods are drawn out of it by hooked 
stjcka, which catch on the bands of the pieces. They are 
allowed to drain for some time over the kieve, and then washed 
most carefully, as any trace of acid left in the fibre, and 
afterwards into contact with the alkali in the pot, would 
most injurious. 



■"^ I 



8. The object of this process, called " rubbing," is to give 
the goods a thorough soaping to neutralize any injurious adds 
or alkalies they may contain. 

It was formerly executed, in a very slow manner, by hand; 
BOW, however, a very useful machine, called rubbing boards, 
effects the same purpose (P, Plate XIII.). At the foot of 
this machine (Plate XVI.) there is a trough (A) containing a 
strong solution of soap, kept constantly boiling by a copper 
eteam-pipe (B) which passes through it. 

The goods are first passed through this trough, then between 
two square flat pieces (C and C) of lignum vita! or marble, 
toothed transversely. The upper card (C) is made to traverse 
over the goods (D) as they arc pulled through by the drawing 
engine (E). 

THE SCALD. 

9. The scald is a short boil, of from two to three hours, in 
perfectly clean made-up lye, which contains a quantity of soap, 

s after rubbing. 
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B the pot is made up with fresh clean water, and pure lye, 
the specific gravity of the acald is much less than that of any 
of the succeeding boila, which contain colouring matter and 

1^^ 10. After being again washed the goods are dipped, washed, 
soured — if necessary rubbed and scalded again ; after which 
Ij they are washed and put out on the field for two days. 

^^^^1. They are now dipped again, but with weaker liquor, as 
they are more, easily affected coming from the field — washed, 
soured, washed in spring water, and rubbed again. 

The goods are now carefully looked over, and the white 
pieces put aside for finishing, whilst the others are again 
scalded, washed, dipped, washed, soured, washed and rubbed, 
or, ae it is called, get a turn. These are again examined, and 
if any amongst them arc not white enough, they are put to 
the field for a day or so ; brought in again to get another turn, 
and examined as before. Some goods require more turns 
than others, and all kinds in Winter require a great deal more 
than in Summer. The bleaching process is now finished, and 
the finishing for the market, which is not the least important 
port, is commenced. 

FINISHIMG. 

The goods arc now carefiilly washed (R', on Plate XIII.) 
twice in spring water. A large quantity of pure water is 
required for this purpose ; and, as it is almost impossible to get 
springs enough, recourse is had to filter ponds (T, on Plan). 
They are next brought into the starching house, where they 
are first pulled out to their width, then sewed together at the 
ends and passed through the water-mangle (V, Plate XIII.) 
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3 XV.) 



s machine (' 

(A), generally of wood, but in some cases the inidille one b 
brass. Pressure is thrown on the azles of these bowls by 
means of levers (L) and weights (W). Under the bowls a bmc 
(B) is fixed, into which tliere is a continued flow of spring water. 
The goods, after passing through the water, are squeezed by the 
bowls, so aa to have an equal quantity of water diffused through 
them, and wound up on a movable roller (C), at the back of 
the machine. When this roller has received four or five jneces 
it is then removed to the starching mangle (X, on Plate XIII). 

This mangle baa four or more bowls, generally of wood, 
but sometimes made of rags or other suitable material. The 
starch, after having been well boiled in a vat, and coloured 
blue, either with smalts or ultramarine, is put in the box (B, 
plate XV., Fig. 2). The pieces (D), in passing through this 
machine, are kept into their proper width by a spreader (E), 
which is not of so simple a construction as that used in the 
water-mangle. It is a wooden roller, from the centre of which 
copper, in wire or thin slips, is spirally wound in oppo^te 
directions, thus forming right and left-handed screws. The 
roller revolves in a contrary direction to that of the pieces, 
and screws off the tucka or creases in the piece from the 
centre to the selvidges. 

The goods on the roller or batch (C) are hoisted up to the 
drying lofl, where they are either passed over the drying 
machine, or hung up by the selvidges on bent wire pins, and 
dried by the air, which passes freely through louvre windows. 
The drying machine has a number of tinned sheet iron 
cylinders, through the axis of which steam is admitted. The 
goods are passed over these hot cylinders, deprived of all 
their moisture, except what is required for beetling, cooled 
by a fan making 1,000 revolutions per minute, and folded in 
a convenient form for carrying to the beetles at the end of the 
machine. In some places the water-mangle, starching n 
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and drying machine are all coupled together, and their respeo- 
tive speeds made to suit one another by frictional gearing. 
This phm saves labour ; it has, however, a tendency to narrow 
the goods, which then require to be passed through the widen- 
ing machine. This machine has two large pulleys or drums, 
set drunk, or at an angle to their shaft; two belts, by meana 
of small pulleys and shafts, are made to grip tightly the half 
circumference of these large drums, which they keep con- 
stantly revolving. The goods are entered at the narrow (dde 
of the machine, where the drums make an acute angle with 
the shaft, and delivered at the wide or obtuse angle side ; and, 
as the belta hold the pieces tightly against the drums, they 
must widen them. 

Some drying lofts have ranges of ateam-pipes to heat the 
^r, as the atmosphere has sometimes no drying power at all. 

Those goods which have been dried on the pins in a drying 
loft are next passed through the damping machine. This 
machine has a revolving brush, wliich dips into a box of spring 
water, and sprinkles the piece as it is di'awn rapidly over. 
The pieces are then piled up in a box for eight or twelve 
hours, until the damp is evenly distributed through them. 

All goods are then (in whatever manner dried and damped) 
stretched, drawn up at their width, and straightened at the 
selvidges, by slapping against a wooden horse, to make them 
ceady for the beetling engines (Y, Plate XIII). 



BEETLING ENGINE — (Plate XVII). 
le beetling en^ne (Pig. 1, Plate XVII.*) as Its name 
When it is in 



^^^K 



• This figure shows the beetling engine at rest. When it is in motion 
M many beetles are never down on the beam at one time, as the beetle 
rebounds after falling on the goods, and the machine is working well 
when the niper catches the beetle immediately after the first rebound. 
Sie wiper beams makes 3D rerolutions per minute ; and, as there are two 
■of wipers on the beam, each beetle falls once per second. 



140 



PROCEEDINGS OF THE INSTITUTION 



eignifiea, is a macliine having a number of beetles (H), about 5 ft. 
long and 4 in. thick. These boetica are raised and let fall by 
the wipers (K), bolted in a spiral to the beam (B) ; for, as the 
beam revolves, the wipers catch on shafts (L) projecting from 
the beetles. The goods are rolled upon the beam (A), whicli 
holds nine pieces, in three breadths of three pieces each. THob 
beam ia kept slowly revolving by the wheel (C), and at the 
same time has a slight longitudinal motion from the eccentric 
(D), and thus gives every part of the piece its share of 
beetling. The pieces, after being beetled from eight to sixty 
hours, according to the finish required, are hung up in the 
drying loft for a short time, or, as it is technically called, " are 
lured;" this is sometimes done by the drying machine. They 
are then carefully examined, and subjected to the beetles 
again for a short time, till they are brought to the required 
finish. Some goods, instead of getting this second beetling. 
are put through the calender ; some are put through it between 
the two beetlinga, and some are finished almost entirely by it. 
This is regulated by the kind and quality of goods, and the 
market they are intended for. 

The calender somewhat resembles the water and starching 
mangle ; its frame is, howcTCr, much stronger, and some of its 
bowlfl are made of paper, and some of cast iron; these bowla 
are subjected to an immense pressure of from 16 to 60 tons, 
by means of levers and weights. The goods are passed 
through BO as to receive two or more squeezes, and received 
on a movable roller at the back of the machine. 

Besides these, there are other finishing machines not so 
generally used. The goods arc now put up in a convenient 
form, and sent to the warehouse, where they are lapped and 
ornamented to suit the taste of every country. 

TnEOSIES OF BLEACHING. 

To render the bleachers occupation more sdentifio j 
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true knowledge of the nature of the colouring 
matter, as well aa of the changes effected in it during the 
progress of the bleaching, would be most desii-able. Hitlierto, 
however, very little light has been thrown on this subject, 
and there is a great difl'erence of opinion about the action of 
the ehlorine bleaching salt. 

Bleaching powder haa generally been considered to be a 
combination of chloride of calcium and hypochlorite of lime 
(Ca Cl+CaO CI O), and celoiirs a regular combination of 
hydrogen, carbon, and oxygen. 

When the solution of the powder is brought into contact 
with the goods, the CI seizes the H of the colouring matter, 
to form H CI, and the CaO enters into combination, either 
with the H CI or aome mineral acid, or the CI may decom- 
pose HO by taking II, thus allowing the O to be liberated, 
and by its union with one of the elements, or tho whole 
collectively, effect the object in view. This was Berthollet's 
view ; he, therefore considered the presence of HO necessary. 

When the goods, saturated with the bleaching liquid, are 
brought into contact with the Soj, in souring, a still more 
rapid evolution of CI is the result, aa the So^ forms two 
atoms of 2 CaO Soj, and two of CI (CaCl+CaO CIO+ 
Soa)=:(2 CaO S03+2 CI). 

Dr. Muspratt, of Liverpool, in his C/temietrt/ of the Arte, 
prefers calling bleaching powder oxychloride of calcium, thus 

Ca -j J-,, this, however, follows if we double the equivalent 

of the hypochlorite thus, Ca Cl+CaOCIO = 2 CaO CI. He 
alao says that it exerts a feeble influence on the colouiing 
matter, unless reacted upon by some other body ; that even 
exposure to the air will be sufficient to disengage 01, aa the 
Coj of the air forms with the Ca and O of the compound CaO 
CO,, but that Soj or H Ci decomposes it more rapidly and 

effectively thus, Ca {^+30 So^^CaO So, +H0 + C1. 
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In both caaea CI ia disengaged in equal quantities, and 
whether it seizes the H of the colouring matter, or of 
HO, O is set free, and, therefore, plays a very importanfi 
part in the bleaching. 



FIELD WOEK. 

There are various theories to explain the effect of exposnn 
to the air on the field- 
let. That the colouring matter unites with the oxygen of 
the air and forms a soluble compound, which can be dissolved 
out by water or alkaline liquors in boiling, or the oxygen may 
enter into combination with the carbon or hydrogen of the 
colouring matter; in the first case yielding carbonic acid, 
which escapes, and, in the second, forming water — leaving the 
remaining portion of the substance either colourless or bo 
constituted that it is soluble in water. 

2nd. That oxygen combines directly with the colouring 
matter, forming a permanent colourless substance. 

3rd. That the bleacUng is not so much due to the effects 
of the atmosphere as to water, inasmuch as one of the elements 
(rf this fluid combines with the colouring matter, producing 
the reactions alluded to in the first explanation. It is siud, in 
support of this last theory, that dew, in consequence of ite 
purity, is more lavourable to bleaching, which ia accelerated 
in those seasons of the year in which there is a heavier fall of 
mist. The sun's light is composed of chemical particles which 
have great influence on various compounds, and are, no doubt, 
highly conducive to bleaching. 

The discovery of ozone ia very likely to throw new light on 
this subject. I have often thought that when the goods 
coming from the field have a smell like that of ozone that the 
bleaching is more easily accomplished; and, as its effects are 
rendered appai-ent by moisture, the goods on the field, after 
a shower of min, seem to have undergone a great change. 
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Some years ago, Dr. Andrews, of Belfast, made some very 
important investigations on the subject of ozone generally; 
and I collected for him, from the statistics of six years 
bleaching in the Milltown Blcach-worka, Banbridge, tables to 
show what season of each year was most favourable, and how 
some years were more favourable than others. A summary 
of these tables lyill be found below, from which it will be seen 
that July was the best mouth of the year; but whether that 
was owing to the heat and light being greater at that time, 
or to an excess of ozone, it would be difficult to determine, 
espet^aJly as Dr. Andrews did not then take up that branch 
of the subject. 
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I am at present takiag daily meteorological observations for 
the British Meteorological Society, in order to throw some 
light on this interesting subject. I am afraid, however, I will 
have some difficulty in arriving at an exact conclusion, as 
ozone test-papers are at present in such an unsatisfactory state. 

It ia very much to be desired that a aeriea of proper experi- 
ments on the theory of bleaching could be made by scientific 
men, who have both the opportunities and qualifications 
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iiec£ssary for such a work. If some substitute could be dis- 
covered for the tedious and expensive process of expc»tng t 
goods on the grass it would confer a great benefit on t 
Irish linen trade. 



[Febmsry llth, 1863.] 
PROFESSOR DOWNING, LL.D., Vice-President, i 



the Chair. 



On the Inpluence of the Ineetia of the Hecipkocatikq 
Parts of Steam Engines, and its Effects in Con- 
nexion with the Expansive Action of Steam. — By 
George H. Sthtpe, Esq., Member. 
At the present day the value of using the expansive action of 
steam in the steam-engine is so well understood and appreci- 
ated, in respect to its superior economy of fuel, that it is quite 
Buper6uous to say a single word in its favour on that head. 
There still, however, exists a wide-spread feeling among mill 
owners and some engineers that it is not well adapted for 
driving machinery when regularity of motion is an importAnt 
object, unless some especial arrangement is made use of to 
counteract the great difterence between the initial and final 
pressure of steam in the cylinder. It is argued " that if we 
use expansion with an engine having a single cylinder, we 
admit steam of a higher pressure than suffices to balance the 
resistance to be overcome, and consequently the velocity will 
be increased ; we then cut off the steam, and ite pressure by 
expansion will gradually become less than the resistance, and 
the velocity wiU diminish. A fluctuation in the motion of 
tlie engine will thus be produced, unless some means be 
adopted to equalize tills disparity of pressure." 

With this object in view, a great amount of ingenuity haa 
been displayed in contriving different forms of double-cylinder 
engines, in which the lessening pressure is transferred 1 
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one cylinder to the other in euch a way that the variation of 
oae ehall balance, aa far as poaBiblc, that of the other. 

The engine thus becomee mucli more complicated and 
expeneive — and unnecessarily so, if it can be shown that thia 
supposed irregular action on the crank ia overrated in the case 
of a single-cylinder engine. 

The purpose of tlie present paper h to demonstrate that the 
inertia of the working beam and other reciprocating parta of 
the engine becomes a regulating medium such aa is required ; 
and although, when a considerable amount of expansion is 
used, there ia undoubtedly a great difference of pressure on 
the piston between the first and last of the stroke, the pow^ 
in its transference is so modified that the variation of pressure 
on the crank is nearly equalized, and in some instances even 
reversed in its character. 

If we imagine an engine beam detached from the crank and 
ready to start in motion from its position at the end of the 
stroke, it wiU require a certain amount of force applied to it to 
generate the velocity it acquires when the engine is at ita 
ordinary work; and, as this velocity is an accelerated one 
during the first half of the stroke, the force must act con- 
tinuously during this period. When the beam has arrived at 
the horizontal position with the attained velocity, it will 
require a certain amount of continuous force applied to it to 
arrest its motion, and bring it to a state of rest when it reaches 
its position at the other extremity of its stroke. These two 
forces, in the case assumed, are exactly equal to each other. 
If we now conceive the beam connected to the crank and the 
eu^ne performing its ordinary duty, the same effects will 
occur: the accelerating force will be abstracted from the force 
communicated by the piston, and will be stored in the beam 
and its connexions during the first half of the stroke, to be 
given out again to the crank while the velocity is retarding 
during the latter half of the stroke. It is scarcely requisite 
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to remark that eimilar effects will be repeated in the return or 
up strobe of the engine. 

It ma,j at first sight be eupposed that this accderating and 
retardmg force ie ineignificaDt compared with the pressure 
acting on the piston ; but it will be found on GxnminatioD that 
it is not so, and that, in fact, it is sufficiently great to produce 
an important modification in the nature of the force acting on 
the crank. 

In estimating the amount of this force, the first and most 
obvious method would be to apply the simple law of falling 
bodies, the formula for which purpose is 

V) being the weight put in motion ; a the space moved through 
in feet ; t the time in seconds ; and / the acquired force in the 
same terms as w. 

It may perhaps place the subject in a stronger light to 
apply the formula to a specific example, instead of seeking at 
the present for a general analysis ; and we may take the case 
of an engine of 40-horae power, being that in connexion with 
which the author's attention was, some years since, first directed 
to the subject. This engine had a cylinder of 35| in. diameter, 
6 ft. length of stroke, made 30 revolutions per minute, and the 
weight of the reciprocating parts, when reduced to an equiva- 
lent placed at the end of the beam, was 8,214 lb. 

If we take g=3 ft.=half the length of stroke, then ( will 
be 1^ of a minute, or half a second, and 
ws _ 8214x3 , 

16';^ I6x"i" 

Again, if the first quarter of the stroke is taken for g, equal 
I^ft., then since tlie crank will pass in the same time through 
60°, or Jth of the circle, ( will be equal to jeoth of a minute, 
or one-third of a second, and 



/ = 



= 6,160Ib. 



f = . 



_ 8214x11 
~ 16xJ 



6,9301b. 
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Tie want of coincidence in tliese two amoimta proves that 
some error haa been ewmmitted in our preliminary assumptions ; 
and, on closer esamination, it will be found that the discre- 
pancy arises from our aBsuming the force to be uniform. With 
a uniform accelerating force the space passed through by the 
piston would vary as the square of the time ; and from the 
nature of the circle it follows that this nearly holds good for a 
short period at the commencemeDt of the stroke ; but as the 
crank proceeds on its journey this law is widely departed 
from. It therefore becomes necessary to determine from the 
elements of the acceleration, the law of variadon of the force 
producing it. 

In proceeding to discover this law we will assume that the 
velocity of the crank is perfectly uniform, and that the space 
passed through by the piston is throughout the stroke exactly 
equal to the versed sine of the arc traversed by the crank. 
Neither of these assumptions is strictly correct; in the first 
instance from the periodic fluctuations in speed of the fly- 
wheel, and in the second consequent upon the clianging angle 
of the connecting-rod. The magnitude of the first deviation 
depends upon the efficiency of the fly-wheel, and the second is 
governed by the ratio of the length of the connecting-rod 
compared with that of the crank ; and as both these deviations 
are comparatively small in their eflijet, they may with pro- 
priety be neglected, especially aa their consideration would 
add greatly to the intricacy of the question, and distract the 
attention from the principal object. 

In Plate XVIII., Fig. 1, the diagram DAE represents a 
portion of the circle traversed by the crank-pin: — 

AC = r = radius of the crank in feet; 

D B = « = variable space moved through by the piston 



5C = . 



r — 8 = cosine of the arc D A ; 
sine of the same arc ; 
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V = velocity of the crank-pin in feet per second; 

V = velocity of the piston in feet per eecond; 
w = weight of the piston, beam, &c., in pounds; and, 4 
/ = the required force in pounds to produce the accelraa- 

tion. 

Let the crank-pin move through the elementary space A E, 
then eimultaneously the piston will move through a space 
equal to A F, and by the similar triangles A E F and A C B. 

AE:AF::AC:AB. 
These spaces being considered elementary, the respective 
veloaties of the crank and piston in passing through them 
■will be proportional to the spaces themselves, and therefo 

or w = — e 



but by the equation for the sine, 

hence, ti = — x (2rs — s*)* 



Squaring both sides, 




l,X{2r,-,') 


and differentiating. 


.-* = 


^"x {r-s)d. 


But the general differential equation for variable forces 




«<i» 


= M/a, 



I 
I 



and substituting this value in equation B 

Dividing both aides of this expression by da, and transposing 

The factor r — s in this last equation represents the distance 
C B=ip, and shows that the force varies directly as the 
distance of the piston from the middle of its stroke ; and thus 
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we find our inquiry lias resolved itself into tlie converse of the 
&miliar problem in dynamics, in which " it is required to 
determine the circumstances of velocity, time, and space, with 
relation to a body moving from quiescence, in consequence of 
an attraction which varies directly as the distance from the 
centre of force," the resolution of which is, that " D B being 
any ^ven diatance described by the body, the time of descent 
will vary directly as the arc D A." 

Ketuming to equation C, it may be put into a more con- 
venient form for practical application, observing that V, the 
velocity of the crank-piu, is compounded of the number of 
revolutions per second and the circumference of the circle 
described. Hence, if n equals the number of revolutions per 
minute, 

^ _ 3-1416x27-Xn 

fio ■ 

Substituting the square of this value in place of V, and 
reducing, we finally obtain 

/ = ■0Q034nhvx D. 

It is now necessary to investigate the eifect of the inertia of 
the connecting-rod in its lateral vibration. 

This movement is at its maximum velocity when the crank 
is pasHDg the centre, and, as it is losing motion during the 
time the velocity of the piston is becoming accelerated, its 
momentum will have an effect like in nature but antagonistic 
to that of the beam, i&c. To ascertain the pressure on the 
crank-pin produced by it, the conditions being similar to those 
we have been investigating, except the direction of motion, we 
must substitute y and w' for x and w in equation D, w' being 
the weight of the connecting-rod reduced to its equivalent on 
the crank-pin. 

/ = ■00034'ii%'i/ E 

As this pressure acts at right angles to that of the other 
vibrating parts, to obtain its effect, as opposed to the latter, it 
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must be multiplied by the cosine x, and divided by tLe sine y, 
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/' = -OOOUn'w'y- = ■OOOM/i'm.'j 

Having thus arrived at an expresdon exactly aJtn J l a r to 
equation D, the whole effect of the lateral momentiim of the 
connecting-rod will be eliminated by deducting the value of 
w' from that of w in equation D. 

The amount of this reduction, supposing the wnnecting-rod 
to be of uniform thickness from end to end, would be exactly 
one-third of the weight of the rod, since the centre of gyration 
of a parallel bar b 5775 of its length from the centre of 
motion, and its effect from leverage would at the end of the 
bar be as the square of this number. The form of the 
connecting-rod being larger in the middle of its length would 
probably make the result somewhat leaa than this, but prac- 
tically we may aflsume it to be simply one-third. 

The same reasoning will also apply in calculating the 
equivalent effect of the weight of the working beam. 

To ascertain, therefore, the value of w in equation D we 
must add together the weight of tlie piston, piston-rod, and its 
connexions, one-third the weight of the beam, and two-thtrda 
that of the connecting-rod. 

Throughout the foregoing investigation, when speaking of 
the " pressure on the crank-pin," this expression must not bfl 
confounded with the force of rotation acting on the crank 
shaft; this, of course, varies with the varying leverage of tbe 
crank, which equals y in the geometrical diagram. This 
leverage affects all engines alike, without reference to their 
peculiar construction, and, therefore, our investigation U quite 
independent of it. 

Applying formula D to the example previously referred to, 
the results obtained are aa given in the following table, in 
which the first column contains the successive equal tenths of 
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the stroke, and at these points are given, m the second column, 
the minus and plus forces calculated by the tbrmula. In the 
third column arc the preBsures on the piston, as obtained by 
actual experiment with the indicator; and in the fourth are 
the sums of the second and third columns, or, in other words, 
the real working presaurea on the crank : — 

^H Table I., Fig. 2. 



I 



cl the stroke 


Vslneot/br 


P™««r6onll« 


PrOMuro on (lu 


tdmuU 


pliiton 






lb. 


lb. 


lb. 







-7,600 


14,464 


6,864 




1 


-6,060 


14,464 


8,384 




2 


-4,560 


13,8B0 


9,300 




3 


-3,040 


13,286 


10,226 




4 


-1.520 


12,672 


11,152 




5 





12,177 


12,177 




6 


- -1,520 


11,583 


13,103 




7 


- -3,040 


11,187 


14,227 




6 


- -4,560 


10,890 


15,450 




- -6,080 


9,603 


15,683 



It is worthy of remark that the value of /, by the formula 
for imiibrm force, and calculated for the first quarter of the 
stroke, is approximately like the mean of the two first niunbers 
in the second column of the preceding table; the former we 
found was 6,930 lb., and the hitter is fj,840 lb. The last 
column exhibits strikingly the modifying influence of the 
inertia of the moving weights, for while the pressure of steam 
on the piston is gradually diminishing throughout the stroke, 
the force on the crank is increasing, till at the end it is more 
than twice aa great as at the commencement of the stroke. 

The inference is therefore unavoidable that the employment 
of expansion would have had a beneficial effect in equaliang 
the motive power. 

Accordingly a considerable amount of lap was added to the 
eteam side of the valves to cut off the steam earlier, and the 
results obtained are recorded in the following table: — 
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Table II., Fig. 3. 



Propomoiul 




Presaoro on the 


Preinire on ttaa 


.^ujrSok. 




pislun 






lb. 


lb. 


lb. 


■0 


-7,600 


20,295 


12,695 




1 


_6,0B0 


20,000 


13,930 




« 


-4,560 


18,414 


13,954 




S 


_ 3,040 


17,226 


14,186 




4 


-1,520 


16,434 


14,914 




A 





15,048 


15,048 




S 


- -1,520 


13,068 


14,588 




7 


- -3,040 


11,088 


14,128 




3 


- -4,560 


9,603 


14,163 


■9 


+e,080 


8,415 


14,495 



The last column now eliows a much more equal pressure, 
althougli still ID excees in the laat half of the stroke, proving 
that expansion might, with advantage, have been carried to a 
greater length had the construction of the valve permitted it. 
Previously to the alteration described this engine worked 
exceedingly rough and unsteady; but by simply giving a 
greater degree of expansion there was a most decided improve- 
ment as regards smoothness and uniformity of motion, as well 
as increased economy of fuel. 

Plate XIX,, Figs. 2 and 3, are copies of indicator diagrams 
of this engine taken before and after the alteration described, 
and from whioh tlie pressures on the piston, in the third 
columns of the preceding tables, are obtained. It should be 
remarked, in explanation of these diagrams, that since it is the 
combined actions of steam and vacuum occurring simul- 
taneously at the ^ven point of the stroke that we require to 
ascert^n, the ordinates must be measured from the steam line 
A B of the diagram, taken from one side of the piston to the 
vacuum line C D belonging to the diagram of the other ade 
of the piston. The dotted line at C D represents the vacuum 
ade of the single diagram, to show its complete form in these 
two figures, but is omitted in the subsequent ones to prevent 
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ConfuBion. This esplanation is necesaary, aa the unusual shape 
of the diagrams might otherwise appear BtraDge to those in 
the habit of using the indicator. The dotted line E F is 
obtained by taking ordinat«a measured from the eteam Une 
A B, corresponding with the minus and plus forces in the 
second colunms of the tables, and consequently the distances 
from the line E F to the vacuum Une C D represent the 
actual pressures on the crank-pin. 

In the two cases considered the working power of the engine 
was nearly equal, heing 135 horse power in the iii'st instance, 
and 152 in the latter, the difference of the power heing due to an 
increase in the quantity of macliinery set to work in the mill 
during the interval between the taking of the two diagrams. 

We will now investigate the circumatances attending the 
caae when the same engine was working under a very light 
load, using for our purpose a diagram taken before the valves 
were altered, and showing an indicated power of 24 horses. 
Our formula gives the numbers conttuued in Table III., and 
the diagram corresponding is shown in Fig. 4, Plate XI.Y. 
Table III., Fig. 4. 





VulBC of /by 


rremmT on 


PreMHreDii 


ot tiBBtroke 




th« pL=lo.i 


thrcruik 




lb. 


lb. 


lb. 







-7,600 


3,960 


-3,640 




I 


-6,080 


3,168 


-2,912 




2 


-4,560 


2,574 


- 1,986 




3 


-3.040 


2,376 


- 664 




4 


-1,520 


2,079 


559 




5 





1,980 


1,980 




6 


+ 1,520 


1,980 


3,500 




7 


+3,040 


1,980 


5,020 




8 


+4,560 


1,881 


6,441 


■9 


+6,080 


1,782 


7,862 



Inspection of the last column in this table shows us that no 
part of the pressure on the piston reached the crank until 
one-third of the stroke was performed, it being, for the time, 
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entirely absorbed in overcoming tbe inertia of the reciprocating 
parts of the engine. We see, further, that of itself the pressure 
on the pbton was not eufficiently powerful to produce that 
effect, the negative aigns showing that the crank, instead of 
receiving an impulse from the connecting-rod during the 
first third of the stroke, it had actually to assist in putting 
the os<»llating parts into motion, the necessary force for 
this purpose being abstracted from the previously-acquired 
momentum of the fly-wheel. 

At the time the last described diagram was taken, although 
the only work performed was giving motion to the null 
ehaftiing, the engine and gearing worked more roughly than 
they did subsequently, with the altered valves, when the 
whole machinery of the mill was driven. A comparison of 
the fourth columns in the two last tables will account satis- 
factorily for this fact. 

We may now proceed to investigate the case of a compound 
cylinder engine, in which the larger cylinder is 48 in. diameter 
and 7 ft. stroke, and the smaller one 40 in. diameter and S^ ft. 
stroke. Number of strokes per minute, 22. Reduced weight 
of the reciprocating parts, 19,000 lbs. The results are given 
m Table IV. 

Table IV., Fig. 5. 



Proportional 
of the nrokD 


Vilno or/ 1)7 


^r^lTtoT 


tbocruk 




lb. 


Ih. 


lb. 


•0 


-9,576 


18,000 


8,424 


■1 


-7,660 


33,220 


15,^(iO 


■2 


-6,745 


23,040 


17,295 


■3 


-3,830 


22,680 


18,850 


■4 


-1,915 


21,780 


19,865 


■5 





21,240 


21,240 


■6 


. -1,915 


20,160 


22,075 


■7 


- -3,630 


19,440 


23,270 


■8 


- -5,745 


18,900 


24,645 


■9 


-1-7,660 


17,640 


25,300 



I 
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The numbers in the thu-d column of thia table show the 
combined effect of the two cylinders, that of the small one 
being reduced to its equivalent power acting on the larger 
piston. In glancing the eye down the fourth colimin we 
observe the pressure on the crank-pin increasing as the stroke 
proceeds, till, at the end, it reaches fully thi-ee times the 
amount of tlie commencing pressure. Fig. 5 is a copy of the 
diagrams taken from the high and low-pressure cylinders of 
this engine. The same letters of reference and remarks thereon 
apply to this as to Figs. 2 aad 3. 

In the example last described the large cylinder has three 
times the content of the smaller one, and since the steam ia 
cut off at three-foiirths of the stroke in the latter, the total 
ratio of expansion is four to one. We may now compare with 
it an example with a single cylinder having the same amount 
of expansion, selecting as an instance an engine having a cylinder 
32 in. diameter, 5 ft. length of stroke, and moving at the rate 
of thirty-two strokes per minute. Reduced value of w eq^ual 
5,863 lb. The calculated results are displayed m Table V. 
Table V., Fm. 6. 



Proponiooal 


Viiloc of /by 


Prosmre on 


Ptf Mere DP 


of Ibe^suvke 


(grmalii 


th^pimn 


lli8 0«nk • 




lb. 


lb. 


lb. 







-5,140 


20,000 


14,800 




1 


^4,112 


21,200 


17,088 




2 


-3,08* 


21,680 


18,596 




3 


-2,056 


18,400 


16,344 






-1,029 


13,920 


12,892 









10,800 


10,800 




6 


+ 1,023 


8,800 


9,828 




7 


+2,038 


7,000 


9,656 


■8 


+3,084 


6,560 


9,644 


■9 


+4,112 


5,840 


9,952 



In this case the influence of inertia is not sufficient to 
counterpoise entirely tlie diminishing pressure on the piston 
arising from expansion. Still it contrasts very favourably 
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with the previous example with the double cylinder, tbe 
pressures on the crank-pin being a much nearer approach to 
amformitj in this case than in that. Besides, it seems con- 
eiet«nt with common sense that if a difference of force is 
unavoidable, it is better to liave the excess towards the com- 
mencement of the stroke, where the work to be accomplished 
b all before it, rather than delaying it to the last of the stn^e 
when its work should be about terminating. At all events, a 
lengthened experience has fuled to discover to the author a 
^gle instance in which a deletenous action was traceable to 
the first of these conditions. 

Plate XIX., Fig. 6, is a copy of the diagram taken ftom 
this engine. 

In each of the foregoing, being examples of beam en^nee, 
the weight of the reciprocating parts is very considerable, and 
it may be considered interesting to examine the effect of 
inertia in a direct-acting engine, in wliich the moving wdghta 
are reduced to a minimum. With this object we may instance 
a locomotive engine, having cylinders 14 in. diameter, 18 in. 
stroke, 5 ft. 6 in. driving-wheels, and running at the rate of 
thirty-five miles per hour, or 178 revolutions of the wheels 
per minute, the value of w being 375 lb. Table VI. contEuns 
the results. 

Table VI., FiG. 7. 



ProporUoml 


V.Joe^f/by 


11,^^1^™ 


^r^?" 





1 
2 
3 
4 

5 

e 

7 

8 
9 


n.. 

-3,050 
-2,441 
-1,831 
-1,220 

- 610 

-4- 610 
-1-1,220 
-f 1,831 
-1-2,441 


lb. 
5,951 

C,160 
6,314 
6,160 
5,544 
4.15B 
3,172 
2,417 
1,848 
924 


lb. 
2,801 
3,719 

4,483 
4,940 
4,934 
4,158 
3,782 
3,637 
3,679 
3,365 



i 
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The last column in this table shows a remarkable approxi- 
iDation to unifonnity, conaidering the great disparity of pressure 
on the piston, as seen in the third colunm, the light weight of 
the moving parts being compensated by their high velocity. 

The diagram, Fig. 7, from which the numbers in the table 
are calculated, unlike the previous ones, is not obtJiined 
directly by the indicator, but ia the result of estimation 
founded on another diagram taken with an engine running at 
thirty-five miles per hour without a train. The pressures 
given in that (reckoned from zero or perfect vacuum) were 
multiplied by such a co-efficient as would make the mean 
effective pressure equivalent to the resistance of a train of six 
carriages in addition to the engine. It is presumed that the 
diagram, thus obtained, is similar to what the same engine 
would have produced if attached to the train. It certtunly 
would have been more satisfactory to have used an unchanged 
indication ; but the author has not been able to obtain one 
from an engine with a useful load, in connexion with which 
the weights of the moving parts of the engine were known. 

There is an irregularity of a different character to what we 
have been discussing, to which all engines ai'e more or leas prone 
if imder the control of a governor, and the load is variable. 

When the engine is performing its customary work, should 
a portion of the machinery be thrown off, an acceleration of 
speed will ensue, tending to make the governor arms expand; 
but, owing to the inertia of the governor balls, it takes a 
sensible time to fully develop their proper action, and the speed 
of the engine meanwhile is still on the increase. The con- 
sequence of this is, that at length the governor shuts off the 
Bteam to a greater degree than the wants of the engine 
demand, and the speed of the engine falls below the normal 
state. By the repetition of the same cause the governor 
again admits too much steam, and thus a series of fiuctua- 
tions of speed is the result ; until at last, after a number of 
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gradually reducing oacillationa, the en^ne settles into its 
regular pace. 

This perturbation is technically known as " riding," and it 
is an obeerred fact, that an engine with a high degree of 
expansion is more liable to it than one working under uniform 
pressure. The cause is not difficult to trace. During the 
period that expansion is proceeding, the communication be- 
tween the boiler and the cylinder is totally cut off; and in this 
interval, let the governor change aa it may, it cannot exert 
any influence wliatever on the admission of steam to the 
cylinder until the commencement of the succeeding stroke. 
Thus the action of the governor, which from inerlia is of 
necessity always in arrear, is much more so in the present 
case. If the engine is one with combined cylinders, this ^s- 
cursive action becomes greatly aggravated, for not only does 
an excess or deficiency of steam exert the specific effect in the 
first cylinder, aa just described, but that effect ia transferred, 
together with the steam, to the larger cylinder, and continnea 
in force during the whole of the returning stroke. 

A noteworthy corollary may be deduced from one of the 
steps in our previous analysis. Returning to equation E, 
/' = -OOOSi nWij. 

In this expression, it will be recollected, /' was the force 
due to the lateral momentum of the connecting rod applied at 
itfl end. If we now refer this force to a point in the centre of 
length of the rod, it would be doubled in amount by leverage ; 
and, as it was found that w' was approximately one-third of 
the weight of the rod, it would now amount to two-thirds. 
Action and reaction being equal, this formula also represents 
the force applied transversely to the rod, tending to break it 
in the centre. Making use of the formula, and recollecting it 
is at a maximum when j/ equals the radius of the crank, we 
obtain from the first example, in wliich two-thirds the weight 
of the connecting rod is 2,390 lb., 

/= ■00034x900x2390x3 = 2,194 1b. 
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tu3 the lateral swing of the connecting rod, in this 
instance, produoes a tranverae atrmn of nearly a ton in the 
middle of the rod ; teaching that the cross section of the rod, 
instead of being equal in breadth and depth, it should be 
deepest in the direction of its vibrations, especially with the 
modem practice of running engines at higher velocities than 
formerly. There can be little doubt it is to this effect of 
inertia is to be ascribed the tremor frequently observed in the 
connecting rod of a large engine at the middle of its stroke, it 
being at this point the reversal of the force occurs. 

It is beyond the scope of this paper to enter into any analysis 
of the relative economy of single and combined cylinders, 
otherwise it would not be difficult to demonstrate that, with 
theoretically perfect en^nes of each kind, they are exactly 
equal in this point with equal degrees of expansion — the 
ratio of economy being represented by unity added to the 
hyperbolic logarithm of the number of times the steam ia 
expanded. Perfection, however, is a thing beyond our grasp, 
and practically it will be found that the balance in imperfections 
is against the compound system, in the shape of additional 
friction, extra loss of heat by radiation, increased leakage 
from the greater number of eteam-joint-s, and loss of pressure 
arising from the connecting space between the two cylinders. 
This last item is a greater source of loss than is generally 
imagined ; for if it did not exist the initial pressure in the 
linger cylinder would be the same as the final pressure on the 
smaller one. But if we examine the diagram No. 3, which is 
& fair specimen of its class, we find the pressure of steam at 
the end of the stroke in the small cylinder is 23 lb. per inch, 
whereas at the commencement in the large cylinder it is only 
11^ lb,, reckoning both from zero or perfect vacuum. 

Although these disadvantages ai'c to be charged to the 
compound system, they do not supply any valid argument 
■ against the adoption of the excellent arrangement of M'Naught, 
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1 engine s 

existing, and the parts of the engine are found to be insuffi- 
ciently strong to bear the necesaary increased preesure with 
the single cylinder. But, on the other hand, this doea not 
grant the propriety of constructing a new engine on that 
principle, inasmuch as the weight of the metal required to 
make the small cyhnder and its appendages would be amply 
sufficient to sustain the increased pressure, if employed in 
adding to the strength of the working parts of the engine, 
and would be attended with no additional coat beyond that of 
the raw material. 

It is difficult to convince those who have had en^nes altered 
by the addition of the second cylinder, that it is quite possible 
to produce fully as good economical results with a single 
cylinder. They say, " We found a great saving when we 
adopted the high-pressnre cylinder, and therefore it is of no 
use arguing in favour of the single cylinder, because we have 
tried both plans." This reasoning is fallacious, in consequence 
of the comparison being founded on erroneous data. They 
have used the single cylinder without expansion, and contrasted 
that with the result of the compound system, which of neces- 
Mty, involves a large amount of expansion. 

In instituting a comparison between different en^nes we 
should be careful they stand on the same footing in all the 
requisite conditions, except those we wish to test. For 
instance, if we compare two cases in which the engines and 
the boilers both differ, we cannot assign what is due to the 
engine and what to the boiler. It is not fair to compare a 
large engine with a much smaller one — the former having the 
advantage in being subject to a less ratio of friction and 
surface radiation; neither is it fair to compare two engines of 
which one has rcgulai' or long continued work, and the other 
ie worked intermittently. Again we cannot make a just com- 
parison between an engine employed in driving a corn-miU 
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and one driving a flax sjiinning-niill. Tlit tirat usimlly 
works without, interniisuon tliraugh day and night, whereas 
the flox-miU must stand idle in the night and twice in the 
course of the day, at meal hours, during which time the boilers 
are losing heat; beside which, a very large but indefinite 
quantity of the steam generated by the boiler ia employed in 
heating the spinning troughs of the mill. 

In the two examples described in Tables IV. and V. all 
the controlling circumatanceB were so nearly identical that 
they afford an opportunity, such as is seldom met with, for 
testing the relative merits in economy of single and compound 
cylinders. In both instances the engines were connected with 
flax spinning- mills — both hod boilers of the same number, 
coDstruction, and dimensions — both had the same amount of 
expansion — and the same quality of coals (Hani Ayr) was 
used for botli. In the case with the compound cylinder, the 
indicated power was 176 horaes, and tlie average weekly con- 
Bomption 40 tons. In the other example, in which two engines 
worked in conjunction, the indicated power was 245 horses, 
with average weekly consimiption of 33 tons. This is by no 
means an insulated case in favour of the single cylinder; but 
Ae author has never met with an opportunity of comparing 
tiie two systems in which the terms of competition were so 
{■iriy balanced. 

It is a significant fact, in confirmation of the views enter- 
tained in this paper, that in Cornwall, where the double 
cylinder system first originated, and where the strictest 
attention is paid to every point conducing to the economical 
working of the steam engine, the extra cylinder has long been 
discarded ; and the author has been credibly informed that a 
double-cylinder engine has not been for many years erected in 
that county. 

j,-Io conclusion, it is not pretended that the present {taper 
1 any remarkably original thought, and possibly the 
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style of development raay appear crude and inelegant to abler 
and more disciplined minds. Some of the conclusions arrived 
at are confessedly at variance with received opinions ; and in 
advancing them an apology is perhaps due on the part of one 
in the author's position. In thus doing he would, with reve- 
rence, quote the words of a veteran writer* of the present day, 
penned under somewhat similar circumstances : — " To difier 
from many who have higher cldms as public instructors may 
doubtless appear presumptuous. In these days, however, no 
writer, whatever may he his standing, can expect that his 
mere ipse dixit should dispense with further inquiry. There 
are now no secrets in chemistry or philosophy. The high- 
ways of science are open to all, and the laws of nature are 
equally accessible to all." , . , " We no longer live in a 
Galilean age. Public opinion and judgment can no longer be 
controlled by an uninquiring submission to supposed an^oiity, 
or be dictated to by the unreasoning censure of custom." 

• C. W. Williams, Esq. 
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In the course of the diacussioo that ensued upon the reading 
irf the foregoing paper, Mr. Anderson, Member, said he had 
frequently observed a fact, which appeared to him to involve 
the force illustrated in the paper just read. It would be 
familiar to every one in the habit of using a foot-lathe, in 
which the treadle ia euspended from the crank by a booked 
connecting rod, if the treadle is worked briskly and then the 
foot removed, a violent jumping of the hook upon the crank 
is the consequence. The cause of this, he conceived, to be 
the inertia of the treadle being greater than the accelerative 
force of gravity can overcome sufficiently quick to keep pace 
with the crank. With a view to examine the nature of the 
curve described in the jump, he had lately fixed a pencil to 
the eide of the hook, and after causing the crank to revolve at 
such a velocity a^ to produce the jump, he brought a sheet of 
paper in contact with the pencil, and allowed it to trace its 
own curve. The curve thus generated in jumping is shown 
by the dotted line in Fig. 8 (Plate XVIII.), the circle being 
tlie path of the hook when working in contact with the crank. 
At A ia the point at which the jump commences, and at B 
is the point where the hook again falls upon the crank, the 
direction of motion being as shown by the arrow. 

Aa tiie investigation of the fact described by Mr. Anderson, 
produces results confirming the accuracy of the views enter- 
tained in the preceding paper, the following analysis may be 
deemed interesting, CBpccially as frequent opportimiticB occur 
for its practical application to machinery. 

There are two different conceivable cases in which the 
jumping miiy be produced. Fij-stly, the crank in its down- 
tion, may descend faster than the accelerating force 
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ut' gravity can cause the moving weights to tall, and the 
crank will run away from the hook. Secondly, the moving 
wcighte in ascending, may lose their velocity under the retard- 
iug influence of gravity, at a slower rate than the crank doea 
in p^ing, and then the hook will run away from the crank. 
The second of theae conditions, however, is the only one 
which practically comes into operation; because, being the 
first met with by the crank in its path, if the velocity is 
sufficiently great to cause the hook to leave the crank, the 
other condition becomes superseded. 

In proceeding to analyse the subject we will assume, for 
the sake of simplicity, that the motion of the crank is per- 
fectly uniform — that the connecting rod is of indefinite 
length — and that the centre of gyration of the treadle is at 
the point where the connecting rod is jointed to it. 

In the diagram, Plate XVIII., Fig. 9, A, B, C, D, 
represents the path of the crank, the direction of motdoi) 
being as indicated by the arrow, and the dotted line B, C, is 
the curve traced by the hook in jumping. 
Let r = Radius of crank circle ; 

J! = Cosine ,, ,, 

y = Sme ,, ,, 

z = Versed sine „ ,, 

a = Height of the leap of the hook ; 

V = Velocity of the crank in the circle ; 
V, = Velocity of the crank in a vertical direcHonp 

V = Velocity of the hook in a vertical direction ; ' 
n = Number of revolutions per minute ; 
w and/ = Weight aJid accelerating force. 

All dimensions being in feet, and velocities in feet per 
second. 

By the laws of falling bodies 

,s _ fi4-38/ 



irection^^^H 
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And from the nature of motion in a circle 

V : v^ :: r : y 

therefore t?, = — ^ and t?/ = — 2- G 



But V = 



r r^ 

31416 X2rxn 



60 

therefore F* = 'Oil r^n^ 

and by the circle, y^ = 2rz — z^ 

Substituting these values of F* and y^ in equation G 

^2 'Oil r^n^ (2rz — z^) .^^ 12/0 2\ tt 

v/ =s ^ ^ =s -Oil rr {2rz — z^) H 

At the point of departure of the hook from the crank, the 
velocity of the hook ui^der the influence of gravity is equal 
to the vertical velocity of the crank; therefore, equating c' 
;md v^^ in equations F and H 

^^^8 :^ -Oil n^ (2rz-^z^) 

or, — K-^8 = 2rZ'-z^ I 

Differentiating this equation 

^^.d8 = (2r--2zydz 
n w 

But at the point of depaxture the decrement of 8 equals that 
of ^. Dividing, therefore, hjd8 = dz 

5^ ^ 2r-2. 



tr 2936/ 
llence, z =? r 5-^ 



n^w 



And since the versed sine equals the radius minus the cosine 

2936/ 



n^w 



therefore, ' a = — 5-^ K 

rrw 

Thus we find that the point at which the jump commences 

Is independent of the radius of the crank, and will, therefore, 
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be at a constant height above the centre with all lengths ol" 
crank, and any given number of revolutions per minute. 

This point will always be above the centre, since x mugt 
have a positive value however great n may be. 

From the last equation is obtained 
„ = / 2a36/ 
~ "^ wa 

If in equation K we imagine Ji gradually to diminish, x 
will increase until it equals r, and then the jump will cease. 
By making, therefore, x=r in equation L, we obtain the least 
velocity to pi-oduce jumping, or, in other words, the greatest 
velocity free from jumping. 



M 



■■ mugt 



Returning to equation K, we derive from it 



/ = 



aU3C 



N 



Thus the force varies directly as the distance m, as shown 
in the previous investigation " On the Influence of Inertia 
in the Steam-Engine," and by taking the reciprocal of 2936 
we obtdn 

/ = 00034 !cn^w 
identical with the result ai-rived at in that analysis. 

Referring to equation M, giving the maximum number of 
revolutions per minute the crank can run at without throwing 
off the hook, we find it will apply also to the case of a 
whirling weight attached to a flexible cord, and it gives the 
least velocity tliat will keep the cord extended tlirougliout 
the whole rotation. But looking at this from another point 
of view, it is evident that the cord is kept extended by cen- 
trifugaX force; and since the force / acts radially at the apex 
of the circle (where x equals r), these two forces should coincide 
in value at that point. Accordingly niuking .v = r in equation 
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N, is obtained 



rr?w 



the well-known formula for calculating centrifugal force ; thus 
again demonstrating the correctness of the preceding analysis. 
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MEMOIR 



BARRY DUNCAN GIBBONS, 

LATE VICE-PKE3IDENT I.C.E. OP IRELAND. 



The ; 



this 



imoii furnishes an instance, 
amongst many, of natural aptitude supplying the place of 
regular profesaional training. Bred to commercial piirauits, he 
Boon abandoned them for the more congenial study of civil 
engineering, and commenced his professional career, in 1828, 
in superintending an addition to the pier of Kilnish, built there 
by the Fishery Board, from the design of Mr. Alexander 
Nimmo. The upright construction of the walls being the 
only noteworthy point of the structure, which, owing to 
the sheltered nature of its position, is not likely to afford a 
test, as often asserted, of the supposed advantages of tliat 
mode of building in exposed situations. On the completion 
of that work he was appointed, in 1832, by the Board of 
Public Works, which was formed in that year, aa resident 
engineer of Dunmore Harbour, previously constructed under 
the direction of Mr. Alexander Nimmo, but then undergoing 
repairs on accoimt of the extensive breaking up of the sea 
pavement, owing to the insufficiency of the base given to the 
back of the mole. 

On the passing of the Grand Jury Act, in 1834, authoring 
the appointment of County Surveyors, whose competency was 
to be tested by examination, Mr Gihbons obtiuned that office 
for the county ofWexford, and held it with credit until 1838, 
when he succeeded, on the death of Mr. Thomas, to the 
position of resident engineer of Kingstown Harbour, holding 
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9ie same time a similar appointment on the liingatonii 
B^Iway. It waa in connexion with this company, aa promotera 
of the extenMon of their line to Dalkey on the atmospheric 
principle that he was first brought into public notice, having 
been Bereral times esamiued before Committees of the House 
of Commons with reference to the construction and working 
of the line completed under his direction, with the assistance 
of the patentees, the Messrs. Saiuuda. The failure of the 
project on economic grounds, after aevei-al years of continuous 
operation, detracts nothing from the ingenuity and skill brought 
to bear on the practical adaptation of the invention. On the 
extension of the railway, in 1856, from Dalkey to Wicklow, on 
the survey of which Mr. Gibbons was engaged under Mr. 
BruneU, the atraospherio system was given up aa leas sure 
and effective than locomotive propulsion. 

In the year 1846 the Act of the 9th Vict., c. 3, having 
l>een passed allocating X50,000 for the construction of fishery 
piers and harbours, as a source of employment, and enabling 
food to be procured at a period of severe distress, Mr. Gibbons 
was appointed, with an increase of salary, to direct the expendi- 
ture of that amount, as well as of a further sum of £40,000 
allocated for similar purposes in 1847. Under these provisions 
upwards of forty different works were begun, consisting of piers, 
harbours, breakwaters, boat-slipa, and docks, the execution of 
which extended over a period of about six yeai-s, involving on 
outlay of upwards of £100,000, three-fourths of that amount 
having been granted by Government, and the remainder 
advanced from the same source, in the first instance to be 
repaid by county presentments and individual contribution. 
The principal piers executed were those of Newcastle, county 
Down; Kilmore and Duncannon, county Wexford; and 
Moville, coimty Douegal. These works, constructed in exposed 
and difficult aituationa, bear testimony, by their permanence 
and success, to the judgement which was brought to bear on 
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tlie aelection of the sites, as well as on the mode of their o 
struction. The foimdations erf' the piers were effectively laid, 
without the expense of staging, by means of the diving helmet. 
The Belmullet Canal may alec be mentioned as an instance 
of another description of work. It connecta the bays of 
Blacksod and Broad Haven, saving a circuitous voyage on 
an exposed and dangerous coaet. The land communication is 
kept up by a swivel bridge, 50 feet in breadth. This work was 
completed at a cost of £8,319. 

The most important works designed by Mr. Gibbons were 
the internal piers in connexion with Kingstown Harbour, 
namely, the Traders' Wharf and the New Packet Pier ; the 
Ibrmer, enclosing a larger area than the old pier of Dunleary. 
at the south-western angle of the harbour, ivas commenced in 
1842, and completed within three years, at a cost of ;E30,000. 

With reference to the packet pier much discussion took 
place — the site selected by Mr. Gibbons in the south-eastern 
angle of the harbour, parallel to, and 450 feet distant from, the 
breakwater, having been objected to by Mr. Rendel, Engineer 
to the Admiralty, on the ground that the area included was 
too confined, being only 7^ acres, of which less than oae-balf 
had only from 3 to 3^ fathoms at low water. Mr. Rendel 
recommended that the works in progress should be stopped, and 
that a pier should be substituted, extending from the north- 
eastern angle of the Victoria Landing Wharf, in an oblique 
direction, towards the eastern breakwater, enclosing 19 acres of 
sheltered basin, of which 11^ acres would have from 3 to 3^ 
tathoms, and affording the means of communicating with the 
Kingstown Railway by laying a road across the wharf. 

The Commissioners of Public Works, having taken Mr. 
Uendel's suggestion into consideration, decided on not adopting 
it in preference to that already sanctioned, because the present 
Victoria Wharf would be rendered unavailable for the packets 
during the construction of the substituted design, and that too 
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Space would be abstracted from tbe portion of the 
harbour required for refuge. 

In consequence of this deciaion, Mr. Bendel was required, 
by the Lords of the Treasury, t» review the whole condition 
of the harbour, and to report on, imd design such works aa in 
his opinion would render it perfectly safe for refuge, and thus 
take away the necessity for special works of protection for 
packets. With that view he proposed to extend the west 
breakwater, in the same direction as its last kant, for a length 
of 325 feet, so aa to get rid of the disturbance in easterly gales, 
by directing the sea outwards on the back of the slope, instead 
of allowing it to run, as at present, along the inner face of the 
western wall. He also proposed to run off, from the inside of 
the head of the east breakwater, in a S.W. by W. direction, a. 
spur for a length of iOO feet. These works would have the 
effect of diminishing the width of the entrance from 770 feet 
to 450, and of altering its aspect from N.N.E. to N.E. by N.,. 
being as near an approximation aa altered ctrcumstaces would 
permit to the original plan of the entrance, which was designed 
by Mr. Kennie to be 430 feet in width. The harbour being 
thus rendered tranquil, he proposed to convert about 800 feet 
of the east breakwater Into a wharf, by driving rows of creasoted 
piles in advance, and parallel to the stone slope, in from 18 to 
22 feet of water, at low water, and to make St of sufficient 
breadth for two hues of railway, leaving the present road as a 
carriage and footway. To the northward of this wharf, for 
ordinary traffic, he proposed to moor a floating stage or pontoon, 
devoted exclusively to the accommodation of mail and passenger 
traffic. The railway was to be extended from Kingstown to a 
station to be erected opposite the pontoon. The estimate for 
these works, including the protection of the entrance, was 
£167,000. 

The investigation of these Important matters havmg been 
conaideredby the Lords of the Admiralty to be a fit subject for 
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special inquiry, Captains Kellet and Frazer, B.N., 
pointed commissioners for that purpose ; and they hsLinng 
their court in Kingstown, and examined witnesses, declared { 
weight of evidence to be against narrowing the entrance, 
they recommended the resumption of the works, whicH 
been stopped for nearly twelye months, in 1854-55, 
confirming the correctness of Mr. Gibbons* views — a 
considered to be no small tribute to his reputation, in 
petition with so high an authority as Mr. Bendel. The 
was completed in 1858, at a cost of 63,000. It is 747 feet 
length, and 64 feet 6 inches in width. Its average hei^Ii1;{ 
41 feet, with 23 feet of water at its head, at low water 
spring tides. 

In 1857 Mr. Gibbons was offered the appointment 
engineer to the Dublin and Wicklow Bailway Compan; 
but not having felt himself at liberty to accept it withoi 
the sanction of the Commissioners of Public Works, h^ 
was informed that the continuance of his services in thi 
department was desirable, and he was accordingly, from tha^ 
period, placed on .the permanent establishment as princi] 
engineer to the>Board, the duties of which important offic< 
he continued to discharge, with credit to himself and advantage! 
to the service, up to his decease, at the close of 1862, leaving*! 
his numerous works, as: the best memorials of his professional 
attainments. 
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